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ABSTRACT 
 
A Geochemical Analysis of Tosawihi Quarries Chert Using X-Ray Fluorescence 
Spectrometry 
 
by 
 
Bethany M. Wurster, Master of Science 
Utah State University, 2018 
 
Major Professor: Dr. Judson Byrd Finley 
Department: Sociology, Social Work, and Anthropology 
 
 The Tosawihi Quarries is an extensive source of white to gray chert toolstone 
located outside of Battle Mountain, Nevada. Situated in an obsidian-poor lithic landscape, 
the Tosawihi Quarries is a significant toolstone resource that also fulfills religious and 
other socio-cultural purposes for modern Shoshone bands. The distribution of Tosawihi 
chert holds potential to inform upon lithic toolkit design, mobility strategies, exchange 
patterns, and Numic culture history. However, identifying Tosawihi chert is problematic 
because it is not the only white chert source available in the Great Basin. Although 
Tosawihi chert is known to have a characteristic ultraviolet fluorescence pattern, other 
white cherts fluoresce similarly, causing discrepancies in material identifications. 
Geochemical source characterization, or sourcing, offers an elemental signature specific 
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to the material being analyzed. Chert sourcing methodologies, however, are historically 
less successful largely due to high variability in chert formation processes.  
 This thesis uses X-ray fluorescence spectrometry (XRF) to geochemically 
characterize Tosawihi chert, establishing a sourcing protocol for identifying Tosawihi 
chert in the archaeological record. In this thesis, I first analyze a source standard 
collection of Tosawihi chert, creating a baseline signature for patterning in the photon 
emission spectra, key trace element concentrations and ratio values. The Tosawihi chert 
XRF signature is tested against two other Great Basin white chert collections that have 
similar ultraviolet fluorescence patterns: Pahute Mesa (26NY1408) and Mono Lake 
Spillway. The Tosawihi chert XRF signature is then used to characterize lithic sources in 
the archaeological record, specifically testing its effectiveness for identifying Tosawihi 
chert in five collections of white chert artifacts. Using both the qualitative and 
quantitative data generated by XRF, the sourcing protocol successfully discriminates 
Tosawihi chert from the two comparative white chert collections and also appears to 
successfully identify Tosawihi chert in the archaeological record.  
(145 pages) 
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PUBLIC ABSTRACT 
 
A Geochemical Analysis of Tosawihi Quarries Chert Using X-Ray Fluorescence 
Spectrometry 
Bethany M. Wurster 
 Lithic source analysis, or “sourcing,” is a geochemical compositional analysis of 
lithic materials for both major and trace elements. Sourcing analysis assigns lithic sources 
to geochemical groups according to distinct geochemical compositions, where unique 
elemental signatures represent separate lithic sources. In archaeological research, 
sourcing informs upon mobility strategies, trade and exchange networks, and lithic 
conveyance studies. While obsidian sourcing is a relatively reliable and popular 
technique, chert sourcing is more difficult and historically less successful largely due to 
variability in chert formation processes. X-ray fluorescence spectrometry (XRF) offers a 
possible sourcing technique, and is non-destructive, as well as time and cost-effective. In 
this thesis, I test the reliability of XRF in determining the geochemical characterization of 
Tosawihi Quarries chert, a unique chert source located in the Humboldt River Basin of 
north-central Nevada. 
 The Tosawihi Quarries archaeological district (26EK6624) is a significant lithic 
resource that has hosted human occupation and activity for millennia. The Tosawihi 
Quarries offers a high quality toolstone that was intensely used, as indicated by numerous 
quarry locales and biface tool caches. Additionally, the Tosawihi Quarries is a social 
identity marker for the Tosawihi band of Western Shoshone, also serving as a source of 
spirituality and medicine. Tosawihi chert is a distinct, white lithic material type that also 
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has a characteristic fluorescence pattern when exposed to ultraviolet light. While these 
are defining attributes, they are not unique to Tosawihi chert, as they occur in other Great 
Basin white chert sources. Identifying Tosawihi chert has been problematic, and 
misidentifications may have led to erroneous interpretations of the archaeological and 
ethnographic records. If successful, a geochemical characterization by XRF would 
provide an elemental signature specific to Tosawihi chert, thus eliminating discrepancies 
in visual and ultraviolet fluorescence readings and permitting archaeologists to accurately 
asses the distribution and use of this sacred material.  
 In this thesis research, I first conducted an XRF analysis of a source standard 
collection of Tosawihi Quarries chert, which yielded a preliminary methodology for 
identifying Tosawihi chert. This protocol was tested against two comparative collections 
of other Great Basin white cherts: Mono Lake Spillway located in western Nevada and 
Pahute Mesa (26NY1408) located in southern Nevada. The methodology, now refined, 
was then run against the archaeological collection, where five collections of white chert 
artifacts were tested for the presence of Tosawihi chert. Incorporating both the qualitative 
and quantitative data from XRF analysis, the results show that this proposed 
methodology can successfully discriminate between Tosawihi chert and other Great 
Basin white cherts based on its XRF signature.  
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CHAPTER 1 
INTRODUCTION 
 
 
 The Tosawihi Quarries archaeological district (26EK6624) is an extensive and 
abundant source of a distinctive white chert that extends across 4,000 acres of northern 
Nevada’s Humboldt River Basin. Though outcrops of this toolstone occur outside of the 
strict boundaries of the archaeological district, the district itself constitutes the epicenter 
of the total extent of the Tosawihi Quarries (Figure 1). This area contains high densities 
of usable toolstone and, consequently, intensive prehistoric quarrying and activity sites. 
Technically classified as opalite, hereafter referred to simply as “Tosawihi chert,” this 
lithic raw material type has seen nearly continuous and intensive use in the past since the 
Paleoindian period (Ataman and Drews 1992; Elston 2006). In addition to practical uses 
(i.e., stone tools), the ethnographic record reveals significant socio-cultural roles (i.e., 
ethnic, spiritual, and medicinal) that Tosawihi chert plays for native bands living in the 
Humboldt River Basin and surrounding regions (Clemmer 1990, 1991, 2009; Rusco and 
Raven 1992:19-29). The archaeological and socio-cultural significance of Tosawihi chert 
is undisputable. However, attempting to examine the spatial distribution of Tosawihi 
chert is problematic due to the difficulties of differentiating it from other types of white 
chert.  
Though Tosawihi chert is a distinctive toolstone within northeastern and central 
Nevada, white chert may be found outside of the Tosawihi Quarries. Other sources of 
white chert occur throughout the Great Basin and may be mistaken for Tosawihi chert  
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Figure 1. The Tosawihi Quarries (26EK6624), the comparative collections (blue), and the 
archaeological collections (gray). 
 
based solely on visual characteristics. Tosawihi chert is known to have a characteristic 
ultraviolet fluorescence pattern (Elston 1992a:78; Lyons et al. 2003), but other white 
cherts share similar ultraviolet emissions. Relying on this characteristic to differentiate 
330 km 
Nevada 
Idaho 
Oregon 
Utah 
Lost Dune sites 
F.H. Cusick 
Rye Patch Reservoir 
26PE670 
Richard Shipley 
Bud Peterson 
Mono Lake Spillway 
Pahute Mesa 
26NY1408 
Tosawihi Quarries 26EK6624 
  
3 
Tosawihi chert thus may lead to inaccurate results and erroneous behavioral 
interpretations of the archaeological and ethnographic records. An elemental signature for 
Tosawihi chert would provide a unique identifier by supplying both qualitative and 
quantitative measures. While lithic sourcing studies have primarily focused on obsidian, 
chert sourcing is historically less successful and remains methodologically more difficult 
(Luedtke 1978, 1979; Malyk-Selivanova et al. 1998:675-676; Morgenstein 2006:307; 
Shackley 2008:197). Nonetheless, several recent studies have yielded some success in 
identifying and distinguishing cherts using various quantitative techniques including, but 
not limited to, neutron activation analysis, X-ray fluorescence, cathodoluminescence and 
induced thermoluminescence (Akridge and Benoit 2001; Luedtke 1978, 1979, 
1992:Appendices A-B; Malyk-Selivanova 1998; Malyk-Selivanova et al. 1998; 
Morgenstein 2006; Newlander 2015; Olivares et al. 2009; Parish 2011; Parish et al. 2013; 
Pretola 2001).  
The goal of this thesis research is to contribute to chert sourcing methodologies 
by assessing the capacity of X-ray fluorescence spectrometry (XRF) to 1) determine the 
elemental characterization for Tosawihi chert, 2) test its reliability in distinguishing this 
material type against other Great Basin white cherts, and 3) confidently identify Tosawihi 
chert in the archaeological record. The primary outcome of this research is 
methodological, where the central focus lies in determining a unique elemental signature 
for Tosawihi chert using the non-destructive, inexpensive, and time-efficient method of 
XRF. In this research, the qualitative and quantitative aspects of XRF comprise the 
elemental signature for Tosawihi chert, incorporating both the photon emission spectra 
and elemental concentrations. Once an elemental signature for Tosawihi chert is 
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established, the protocol for making this determination can be integrated in Great Basin 
lithic source analyses, thus allowing for a more inclusive study of Great Basin obsidian 
and chert sources and their roles in structuring lithic conveyance zones and technological 
organization (Beck and Jones 1990, 2011; Gilreath and Hildebrandt 2011; Hughes 2015; 
Jones et al. 2003; Kelly 2011; Newlander 2015; Smith 2010). 
To begin, I discuss the geographical, archaeological, and ethnographic contexts of 
the Tosawihi Quarries. This chapter also discusses Great Basin lithic conveyance studies 
as they relate to the geographic location of toolstone sources and lithic tool kit design. 
Where the primary goal of this research is to establish an XRF data collection and 
analytical protocol that specifically identifies Tosawihi chert, Chapter Two describes 
these settings, while additionally outlining the three major collections analyzed and 
reported in this study. I assembled the known source standard of Tosawihi chert from 
collections curated at the Nevada State Museum. The comparative collections include 
white chert samples from Pahute Mesa (26NY1408) in southern Nevada and Mono Lake 
Spillway in western Nevada. The archaeological materials come from several private 
collections from western and northern Utah and eastern Idaho. I also include diagnostic 
artifacts in an archaeological collection from Rye Patch Reservoir (26PE670) in 
northwestern Nevada and a chert projectile point, tool, and debitage assemblage from the 
Lost Dune site complex in southeastern Oregon. While Chapter Three details the 
qualitative and quantitative results of this research, Chapter Four contextualizes the 
results of the XRF analysis within this study and chert sourcing as a whole. Chapter Five 
then relates this information back to the larger scope of Great Basin lithic conveyance 
and Numic identity studies, concluding by suggesting refinements to the methodology 
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used here and future research avenues. By exploring the viability of XRF chert sourcing, 
this thesis potentially unlocks various research directions in lithic technological 
organization and circulation studies that will supplement the extensive Great Basin 
obsidian and fine-grained volcanic record. The outcomes of this research are threefold. 
First, it provides an XRF methodology that effectively sources Tosawihi chert, a highly 
significant archaeological and socio-cultural toolstone. Second, the success of the 
methodology implies that XRF may also be able to geochemically characterize other 
cherts formed in similar geologic contexts as Tosawihi chert. And ultimately, this 
research provides a means to include Tosawihi chert in Great Basin conveyance zone 
studies, where archaeologists may explore how Tosawihi chert conveyance systems 
contrast or complement the circulation of obsidian and fine-grained volcanic materials.  
 
 
THE TOSAWIHI QUARRIES: FROM THE MIOCENE TO THE HOLOCENE 
 
 
The Tosawihi Quarries area is a vast landscape that presents a unique history of 
geologic formation processes and ancient patterns of human behavior, both of which have 
influenced and inspired modern day traditions, research, and industry. Though the 
Tosawihi Quarries archaeological district (26EK6624; previously 26EK3032, see Hockett 
2006) maintains legal boundary limits, additional Tosawihi chert sources extend beyond 
this designation (Raven 1992:Figure 4). The Tosawihi Quarries area is best characterized 
as a “lithic landscape,” where its chert outcrops and quarries are an extensive and 
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abundant regional occurrence. A lithic landscape, or a “regional lithic resource base,” 
includes the quarries and outcrops eroding directly from the ground and also the lithic 
materials that have been dispersed by both cultural and natural forces (Barrientos et al. 
2015:1153; Ericson 1984:5-6). The Tosawihi Quarries area is one such landscape marked 
by complex, yet structured, geological processes and cultural behaviors (Elston 1992a, 
2006; Leach and Botkin 1992; Raven 1992).  
Tosawihi toolstone is classified as a chert in that it is technically a 
cryptocrystalline silicate known as opalite (Bailey and Phoenix 1944; Elston 1992a; 
Leach and Botkin 1992:1-3; Raven 1987:5-6, 1992:9). Tosawihi chert is primarily white 
to light bluish gray in color. However, other colors are known to exist within the Quarries 
(Figure 2), such as light pink cherts found at the “Pink Pits” and yellow and tan cherts at 
“Butterscotch Ridge” (Elston 1987, 1992a:76-77). The Tosawihi Quarries lithic 
landscape began to develop during the late Miocene to early Pliocene, where Tertiary 
volcanic activity deposited 50 to 150 m of volcanic ash, tuffs, and rocks across the 
landscape (Wallace 2003). Silica and opal-rich deposits seeped into the porous volcanic 
tuffs, where subsequent hydrothermal episodes of dehydration, crystallization, and 
silicification gradually transformed the volcanic rocks into a chert-like opalite (Bailey 
and Phoenix 1944:17-21; Elston 1992a; Leach and Botkin 1992:1-3; Raven 1987:5-6, 
1992:9). Tosawihi chert deposits occur throughout the upper tuff layer of the Tosawihi 
bedrock stratigraphy, running up to 35 m in thickness (see Elston 1992a:Figure 20). 
Both native and non-native people of the Great Basin have been extracting 
resources from the Tosawihi geologic landscape for millennia. The Tosawihi Quarries 
district is not only a valuable source of quality toolstone, but it also contains cinnabar,  
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Figure 2. Various colors of Tosawihi chert (from 26EK3032, Locality 159). 
 
gold, and silver deposits (Bailey and Phoenix 1944; Callaway 2006; Deng 1991; Wallace 
2003). Tosawihi chert has been the longest-targeted resource, showing a near continuous 
record of quarrying and stone tool production from the Paleoindian period to modern 
times (Ataman and Drews 1992; Elston 2006; Rusco and Raven 1992). Mining for 
precious metals and minerals in the Tosawihi region is a recent industry, beginning only 
in the early twentieth century (Bailey and Phoenix 1944; Deng 1991:4-6; Rogers 1992).  
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Archaeological research concerning the Tosawihi Quarries comes primarily from 
cultural resource management work associated with modern mining activities (Bureau of 
Land Management 2017; Cannon 2012). The archaeological materials recovered from the 
Tosawihi Quarries provide a data-rich record that spans an almost continuous Great Basin 
cultural chronology. However, radiocarbon and diagnostic artifact data show a significant 
temporal trend suggesting a Late Archaic intensification of occupation and activity 
occurring at the Tosawihi Quarries (Elston and Drews 1992). This archaeological 
phenomenon potentially relates to Numic culture history, a long-standing debate in Great 
Basin anthropology (Madsen and Rhode 1994).  
Another line of archaeological research is more academic in origin, focusing on 
lithic conveyance in relation to migration events, mobility patterns, and/or exchange 
networks (Baugh and Ericson 1994; Earle and Ericson 1977; Ericson and Earle 1982; 
Hughes 2011; Madsen and Rhode 1994; Rhode 2012; Torrence 1986). Obsidian and fine-
grained volcanic materials command much of the attention in the Great Basin lithic 
conveyance literature (Beck and Jones 1990, 2011; Bettinger 1982; Bouey and Basgall 
1984; Eerkens and Spurling 2008; Ericson 1982; Finley et al. 2015; Gilreath and 
Hildebrandt 2011; Hughes 1994, 2015; Jones et al. 2003, 2012; Kelly 2011; King et al. 
2011; Smith 2010; Smith et al. 2012, 2013; Thomas 2012). These studies suggest the 
existence of a regional conveyance system, where obsidian and fine-grained volcanic 
materials traveled great enough distances to become highly valued exotic resources. 
Great Basin lithic conveyance studies remain incomplete, however, as the roles of chert 
sources are an understudied yet crucial component of this system. Nonetheless, recent 
research suggests that chert conveyance zones operated in a smaller, more localized 
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socioeconomic system within the Great Basin’s larger regional obsidian systems 
(Newlander 2015). Other research illustrates a trend in lithic technological organization 
that dichotomizes Great Basin toolstone resources into the “black/white line” and the 
“chert core and obsidian rim” (Stephenson and Wilkinson 1969; Thomas 2012). Where 
chert appears to dominate lithic assemblages from the central Great Basin, obsidian is the 
predominant raw material in the peripheries. Both paradigms frame the abundance of 
lithic material types and toolkit design based on socio-economic decisions related to the 
geographic distributions of toolstone. In both cases, the Tosawihi Quarries district and its 
greater peripheries are the white “chert core,” constituting the heart of the Great Basin 
lithic landscape. 
The ethnographic record frames the Tosawihi Quarries as not only a significant 
source of toolstone but also as the tebiwa, or homeland, for the Tosawihi band of the 
Western Shoshone. “Tosawihi” is a Shoshonean word meaning “white knife,” which 
refers not only to the hallmark artifact of the Tosawihi Quarries, the countless white chert 
bifaces, but also to the local Shoshone band living within the Humboldt River Basin. Just 
as Julian Steward (1997:100) notes that Great Basin bands identify themselves with the 
geographically closest resources (often food), the Tosawihi band uses the Tosawihi 
Quarries as the sacred source of lithic raw material, spirituality, and also a distinct Numic 
identity within the larger Great Basin social collective. Tosawihi chert is thus a social 
identity marker for the Tosawihi Shoshone, a Numic speaking subgroup. Therefore, the 
conveyance of Tosawihi chert during the Late Archaic and Late Prehistoric periods (see 
Rhode and Madsen 1994; Simms 2008:248-255; Thomas 1994) potentially reflects 
Numic mobility patterns and trade networks, which would then inform upon Numic 
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identity, social relations, and cultural continuity for the region. 
All of these discussions are foundational in sourcing studies, as each component 
influences the analytical strategies and research applications in lithic conveyance studies. 
For example, the anthropological component of the Tosawihi Quarries establishes a 
linguistic and socio-cultural history of people tying their heritage, spirituality, and social 
identity to the Tosawihi Quarries. The archaeological data show structured behaviors, 
where resource procurement strategies, lithic toolkit design, and other residential 
activities were organized within the context of intensive quarrying complexes (Elston et 
al. 1987; Elston and Raven 1992; Leach 1992, 2010). Additionally, understanding the 
geologic history helps contextualize prehistoric lithic procurement patterns and modern 
mining of specific mineral resources. The Tosawihi Quarries developed in a volcanic 
terrane, and its deposits are known to contain mercury ore, silver, and gold. This 
information is critical to geochemical source analyses because it establishes a 
hypothetical scenario where Tosawihi chert is geochemically distinguishable based on 
trace signatures of mercury, gold, and other volcanic elements (i.e., Rb, Sr, Y, Zr, and 
Nb).  
 
 
 
 
 
 
 
  
11 
CHAPTER TWO 
METHODS 
 
 
Tosawihi chert is a unique lithic material type within the Great Basin, yet it is not 
the only available white chert source. The conveyance and distribution of Tosawihi chert 
is challenging to study because it is not readily identifiable by visual characteristics. To 
illustrate this point, I assembled a test collection of 170 unknown white chert artifacts 
from Box Elder County, Utah. I asked five separate observers to identify which artifacts 
they believed to be made, or not made, of Tosawihi chert (Figure 3). The observers had 
known Tosawihi chert samples available for direct physical comparison to the  
 
 
 
Figure 3. Variability in Tosawihi chert identifications in test study. 
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assemblage of unknowns. This test does not reflect accuracy in identifications but rather 
precision, where the purpose is to examine the range in inter-observer error despite 
having known Tosawihi chert samples on hand. Amongst these cases, Tosawihi chert 
identifications vary from 46-97% of the assemblage. The significance of this 
inconsistency is twofold. First, it shows that visual characteristics are insufficient for 
distinguishing Tosawihi chert from other white cherts. Also, it supports the need for an 
objective, standardized method for identifying Tosawihi chert so that such inconsistent 
classifications do not obfuscate the archaeological record. 
Two identification and sourcing techniques have been applied to Tosawihi chert. 
Intermountain Research (IMR), the cultural resource management firm responsible for 
much of the archaeological reconnaissance at the Tosawihi Quarries, conducted a neutron 
activation analysis of Tosawihi chert (Elston 1992a:77-80; Elston and Raven 
1992:Appendix A). While this study was not wholly definitive, the results identified 
several distinguishing trace elements: Eu, Cs, Fe, Hf, Sb, Sc, Ta, and Tb. Other studies 
have used the ultraviolet fluorescence properties of Tosawihi chert to identify it in the 
archaeological record (Elston 1992a:78; Lyons et al. 2003). Tosawihi chert reflects green 
under short-wave and purple under long-wave ultraviolet light. While ultraviolet 
fluorescence has proven somewhat reliable in identifying Tosawihi chert, other white 
cherts have similar ultraviolet fluorescence emissions. This research assesses the 
reliability of XRF to identify a unique elemental signature for Tosawihi chert. Not only 
does XRF provide a non-destructive, relatively quick and inexpensive sourcing method, it 
also eliminates variability and uncertainty in both visual and ultraviolet fluorescence 
descriptions. 
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AN OVERVIEW OF XRF 
 
 
  XRF analysis, particularly with the portable, handheld instruments, is often 
heralded as a non-destructive, relatively quick, simple, and inexpensive sourcing method 
that provides the additional option of in-field analysis. XRF is both a qualitative and a 
quantitative technique where detected fluorescence energies (i.e., photon intensities) 
convert to parts per million (ppm) elemental concentrations present in a sample. The XRF 
instrument is similar to a flashlight in that it emits X-ray radiation onto a sample, which 
then illuminates or fluoresces back elemental composition (Bruce Kaiser, personal 
communication 2018). The incident X-ray beam excites elements within a certain energy 
range. The electrons bound in the atoms absorb the incident X-rays, which removes an 
electron from the orbital shell. Once removed, an electron from one of the atom’s outer 
shells replaces the missing electron. This process, known as the photoelectric effect, 
causes photon emission, otherwise known as fluorescence. The intensity of the resulting 
photon is the difference of energy spent when the electron transitions between shells. As 
Moseley’s Law dictates, there is an empirical relationship between atomic number and 
electron excitation levels and shell transitions (Glascock 2011:162-163; Shackley 2011:7-
8). This is depicted in the photon spectrum, where photon emission produces a 
characteristic peak that is specific to each element. The presence and intensity of the 
peaks then indicate a geochemical pattern that is unique to a material source.  
 XRF has proven to be a successful tool in archaeological provenance analyses and 
has become an increasingly popular analytical technique (Frahm 2013:1080; Killick 
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2015:244; Shackley 2012). One such application lies in obsidian sourcing, where an 
obsidian artifact is identified as belonging to a particular source based on similar 
geochemical signatures. While XRF obsidian sourcing is a fairly successful methodology, 
chert sources have proven to be more challenging to geochemically characterize (Malyk-
Selivanova et al. 1998:675-676; Morgenstein 2006:307; Shackley 2008:197-198). This 
may be caused by the high variation in chert formation processes and shared petrographic 
characteristics between micro- and cryptocrystalline quartz silicates (Luedtke 1992). 
Several studies, however, have been able to confidently discriminate chert sources using 
techniques such as visible/near-infrared reflectance spectroscopy, X-ray diffraction, and 
neutron activation analysis (Luedtke 1978, 1992:Appendices A-B; Malyk-Selivanova et 
al. 1998; Parish 2011). Newlander’s (2015) recent study used portable XRF to distinguish 
various chert sources within eastern Nevada, identifying clear geochemical chert groups. 
If successful, this thesis research will join Newlander’s study as one of the first to use 
portable XRF to geochemically source cherts. 
 Though a relatively straightforward methodology, XRF can be easily misapplied 
in archaeological research. The simple “point and shoot” advantage of XRF can affect 
data quality in terms of validity and reliability (Killick 2015; Shackley 2010, 2012; 
Speakman and Shackley 2013; Wilke 2017). Validity refers to an instrument’s ability to 
identify and distinguish sources based on geochemical units, while reliability refers to an 
instrument’s ability to produce accurate and precise results (Frahm 2013; Hughes 1998; 
Neff 1998). XRF studies are notorious for being internally consistent, where a study’s 
results may address the research question but fail to provide reliable data. One such 
example is Frahm’s (2013) study where he, valuing precision over accuracy, performed 
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an XRF analysis that validly assigned artifacts to geochemical sources, which provided 
sufficient information for archaeological interpretation. This study, however, was 
criticized as being “ a silo science” that sacrificed accuracy and reproducibility for 
instrument portability and ease of use (Speakman and Shackley 2013). By prioritizing 
validity over reliability, studies such as Frahm’s provide data that cannot be externally 
verified. These misapplications render inter-instrument and inter-technique comparison 
futile (Speakman and Shackley 2013). The Bruker Tracer 5i instrument, data collection 
and analysis protocols, and calibration and sourcing programs provide one method by 
which to mitigate such discrepancies in validity and reliability (see below).  
 
 
THE RESEARCH COLLECTIONS 
 
 
 I assembled the Tosawihi chert source standard collection with objects curated at 
the Nevada State Museum in Carson City. While IMR recovered copious amounts of 
archaeological materials from their 1987-1992 reconnaissance, they also included an 
experimental quarrying and flintknapping study (Carambelas 1992; Elston 1992b:780-
790). These experimental study materials are housed separately from the archaeological 
collections. IMR extracted cobbles and core material directly from the Tosawihi 
Quarries, from several loci throughout 26EK6624, and flintknapped on site. From this 
study, I selected a sample of cores and finished bifaces to be the Tosawihi chert source 
standard collection. I also assembled a comparative collection of two other white cherts, 
  
16 
Pahute Mesa (26NY1408) and Mono Lake Spillway, found within the Great Basin 
(Figure 1). The Pahute Mesa materials are housed at the U.S. Department of Energy 
National Nuclear Security Administration Nevada Field House located in Las Vegas, 
Nevada. The Mono Lake Spillway materials were assembled by on-site collection.  
 The archaeological collections analyzed in this study consist of both private and 
museum curated materials (Figure 1). The private collections include the Bud Peterson 
collection, the Richard Shipley collection, and the F.H. Cusick collection. While the Bud 
Peterson collection is curated at the Utah State University Museum of Anthropology, the 
Richard Shipley and F.H. Cusick collections remain in the personal care of Mr. Richard 
Shipley. The other collections include diagnostic lithic artifacts from the Lost Dune site 
complex in southeastern Oregon and Rye Patch Reservoir (26PE670) in northwestern 
Nevada. I also collected basic metric data, visual identifications of material type and 
basic color, ultraviolet fluorescence readings, and completed the XRF data collection and 
analysis on the artifacts (Appendix A). 
 
 
DATA COLLECTION AND ANALYTICAL PROTOCOLS 
 
 
For this research, I used a handheld and portable Bruker Tracer 5i laboratory XRF 
instrument equipped with a Rh target X-ray tube to conduct all analyses. This is an 
energy-dispersive XRF instrument that measures the mid-Z elements within a maximum 
range of 50 kilo-electron volts (keV). Bruker manufactured several filters that optimize 
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the spectral readings on a specific range of elements. For example, “Filter 4” (100 μm 
Cu, 25 μm Ti, 300 μm Al) is commonly applied to a Bruker Tracer analysis of obsidian 
artifacts, where the most discriminating elements in obsidian source characterization are 
Rb, Sr, Y, Zr, and Nb (Speakman 2012; Speakman and Shackley 2013). This particular 
filter was designed to eliminate photon emission from other elements occurring at the 
same energy as the photons emitted from these volcanic elements (under 17 keV), thus 
optimizing the fluorescence of these targeted elements. This method additionally 
measures K, Ca, Mn, Fe, Zn, Ga, and Th, all of which are also included in Bruker Tracer 
obsidian source analysis. Because the Tosawihi Quarries formed in a volcanic 
environment, I used this same filter to optimize the photon emissions from those specific 
five key elements (Rb, Sr, Y, Zr, and Nb) while also measuring the concentrations of the 
remaining seven elements (K, Ca, Mn, Fe, Zn, Ga, and Th) that may be present in 
Tosawihi chert. I analyzed all samples at 50 keV, 35 μa, with “Filter 4” for a 30-second 
live-time count. Each Tosawihi sample was analyzed on at least three different spots 
targeted for their consistency in material color, texture, and thickness (Davis et al. 1998, 
2011; Ferguson 2012:413-418; Kaiser and Shugar 2012:456-458). The comparative and 
archaeological test collections were analyzed on only one spot due to constraints in size, 
thickness, and surface morphology (i.e., artifact curvature). All analyses were performed 
with careful attention to the sample spot to avoid analyzing mineral inclusions, 
discolorations, and other surface abnormalities, as these would adversely impact the XRF 
results.  
Initially, I ran two additional XRF analyses on the collections. I first used the 
Bruker Tracer III-V+ instrument, the previous edition to the Bruker Tracer 5i, to analyze 
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the Tosawihi chert source standard collection. This analysis measured the Tosawihi 
samples at 40 keV, 38 μa, with the “Green Filter” (equivalent to the Bruker Tracer 5i 
“Filter 4”) for a 300-second live-time count. A second XRF analysis was performed on 
all collections using the Bruker Tracer 5i but with different instrument settings. These 
settings were at 15 keV, 15 μa, with no added filter but with a He flush atmospheric 
environment, for a 30-second live-time count. The results of these additional analyses are 
not included in this study, as this research focuses solely on the analysis with the Bruker 
Tracer 5i instrument measuring at 50 keV, 35 μa, with “Filter 4” for a 30-second live-
time count.  
To create the calibration for this study, I used the Bruker S1CalProcess program. 
This program has three major functions. First, it reads in the area under the spectrum 
peaks and converts area into photon count. This process uses a Lucas-Tooth empirical 
deconvolution equation to address inter-elemental interference (Drake 2018). This 
deconvolution method corrects for the overlap between spectrum peaks by establishing a 
linear relationship between each element and the fluorescence inference received from 
other elements, thus yielding highly accurate elemental concentration results. Secondly, 
S1CalProcess converts photon quantities into parts per million (ppm) concentrations. A 
primarily linear relationship exists between photons emitted and the ppm concentration of 
an element, where every detected photon equates to x ppm present in the sample. As the 
elemental concentration increases, so does the photon intensity in a linear fashion. This 
relationship is directly observable in both peak intensity fluctuations in the raw photon 
spectrum and in linear regression models between photons detected and ppm conversions. 
Thirdly, S1CalProcess allows the user to create a custom calibration specific to the 
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material being analyzed. The calibration used in this research uses a geologic reference 
standard of 40 rhyolite and obsidian samples of known concentrations (Glascock and 
Ferguson 2012; Speakman 2012). The calibration relates the linear relationship between 
photons and ppm concentrations in known samples to photons detected in an unknown 
sample, which is then converted into ppm. All ppm conversions are normalized to the 
Compton peak of Rh, which accounts for variation in sample thickness, curvature, and 
surface morphology by taking the ratio of net photons to the inelastic backscatter 
reflection of the Compton peak (Davis et al. 1998, 2011; Ferguson 2012; Kaiser and 
Shugar 2012:456-458; Shackley 2011:23). The calibration and data collection 
methodologies are instrument-specific, so all data were analyzed using the same 
instrument and analytical settings. These protocols comprise the proposed methodology 
with which to attempt to geochemically characterize Tosawihi chert. 
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CHAPTER THREE 
RESULTS 
 
 
Sourcing operates on the underlying assumption, coined the “provenance 
postulate,” that inter-source variability exceeds intra-source variability (Neff 1998; 
Weigand et al. 1977). In other words, a source is identified as a cluster or pattern of 
similar elemental data that remains distinct enough to distinguish its geochemical 
“identity” from other source clusters. In order to establish a valid and reliable 
geochemical signature for Tosawihi chert, its XRF data must be relatively consistent 
within the material type, while remaining unique when compared to other white chert 
sources. This chapter discusses the XRF results of the Tosawihi source standard 
collection and provides an elemental signature and identification protocol for 
characterizing Tosawihi chert. This sourcing protocol is then tested against the two 
comparative Great Basin white chert collections and applied to the archaeological record. 
 
 
TOSAWIHI CHERT XRF RESULTS 
 
 
 Using the materials from the IMR quarrying and flintknapping experiment, I 
selected 53 cores and bifaces to constitute the Tosawihi chert source standard collection. 
These 53 samples yielded a total of 165 XRF measurements. From these data, I examined 
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the analysis spot and corresponding photon spectra, searching for inconsistencies such as 
variations in sample color and mineral inclusions that may influence abnormal photon 
peaks. Such discrepancies were subsequently removed from the study in order to create a 
more internally consistent dataset. This resulted in 144 measurements with which to test 
the calibration and analyze for elemental patterns. 
 
The Calibration 
 
 This study uses a calibration derived from photon and ppm data from a geologic 
source standard of 40 obsidian and rhyolite objects (Glascock and Ferguson 2012; 
Speakman 2012). The linear relationships between photons and ppm detected in these 
known standards are then incorporated into the calibration that converts photons to ppm 
concentrations for unknown samples. In order to consider a calibration adequate, a linear 
relationship will be reflected in the photon and ppm data of the unknown samples. I 
applied this calibration to the 144 samples collected from the Tosawihi source standard 
collection (Appendix B). Focusing on the five volcanic elements optimized by “Filter 4,” 
strong positive relationships are evident between photon counts and ppm concentrations 
(Figure 4). The strength of the correlations generated through a linear regression analysis 
speaks to the accuracy of the calibration (Rb r2 = 0.81, Sr r2 = 0.74, Y r2 = 0.99, Zr r2 = 
0.99, Nb r2 = 0.98). As such, this calibration is sufficiently accurate for converting 
photon counts into ppm concentrations in the Tosawihi XRF data. 
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Figure 4. Linear regression models for the Tosawihi chert calibration for Rb, Sr, Y, Zr, 
and Nb.  
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The Photon Spectra and Elemental Concentrations 
 
 XRF uses qualitative and quantitative measures to discriminate between 
geochemical units and to assign elemental compositions. The qualitative analysis is 
primarily accomplished by examining the raw photon spectra and their respective photon 
counts, where the analyst begins to identify trends in the data and can thus catch outliers 
or inconsistencies as the individual samples are analyzed. Without this preliminary 
analysis, the quantitative output for both the calibration and the calculated sample 
concentrations will be adversely impacted (Kaiser and Shugar 2012). Cherts are known 
for their high variation in formation processes, which consequently creates variability in 
both physical characteristics and elemental compositions (Luedtke 1992; Malyk-
Selivanova et al. 1998:675-676; Morgenstein 2006:307; Shackley 2008:197-198). 
Variations and fluctuations in photon peaks will reflect change in elemental content. 
Examining the photon peaks in the Tosawihi chert source standard data established a 
baseline elemental formula of which elements were consistently present and their relative 
abundances.  
 After eliminating irregularities, a typical raw photon spectrum for Tosawihi chert 
is similar to that of Figure 5. There are discernible peaks for Y, Zr, and Nb, and those for 
Rb and Sr are relatively low, if not absent. Though these abundances shift between 
samples, the relative peaks in Y, Zr, and Nb remain constant. Figure 6 shows the range in 
photon intensities for Y, Zr, and Nb in Tosawihi chert, where the increase in photon 
intensity reflects a higher elemental content for these select elements. Though there is a 
difference in Y, Zr, and Nb concentrations, the presence and apparent pattern of these  
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Figure 5. Photon spectrum of Tosawihi chert sample 1a. 
 
 
 
Figure 6. Photon spectrum overlay of Tosawihi chert samples 1a (black) and 20b (red). 
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Table 1. Summary statistics for the elemental concentrations (in ppm) present in the 
Tosawihi chert source standard collection.  
 
Element K Ca Mn Fe Zn Ga Th Rb* Sr* Y* Zr* Nb* 
Min. 1604 0 0 1301 0 8 0 0 0 10 33 1 
Max. 10915 4795 87 2245 20 16 52 4 7 65 793 48 
Mean 5888 2063 27 1459 1 10 8 1 0 23 207 15 
S.D. 1884 1008 22 103 2 2 10 1 1 12 146 9 
Note: The asterisk specifies the elements optimized by “Filter 4.” 
 
elements reflect a discernible relationship.  
The 144 Tosawihi chert measurements yielded similar trends in Y, Zr, and Nb 
peaks. The presence of these three elements is consistent throughout the analysis, 
although the abundances vary. This consistency in the raw photon spectra suggests that 
these three elements are key trace elements in characterizing and discriminating Tosawihi 
chert. While there is little to no Rb and Sr in Tosawihi chert, the other three elements are 
more observable in both raw photon spectra and ppm concentrations (Table 1). These 
three trace elements co-occur in Tosawihi chert, albeit in varying concentrations with Zr 
yielding the greatest fluctuation. Linear regression models suggest that the presence and 
abundances of these three elements are strongly related to one another (Figure 7). An 
increase in any one of these elements correlates to an increase in the other two. The ratios 
of these three elements present the range in elemental concentration within the Tosawihi 
chert source standard collection (Table 2, Figure 8). When examining these ratios  
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Figure 7. Linear regression models for Y, Zr, and Nb ppm concentrations. 
 
Table 2. Ratios for Y, Zr, and Nb in the Tosawihi chert source standard collection.  
 
Ratio Nb/Y Zr/Y Zr/Nb 
Minimum 0.087 3.472 7.640 
Maximum 1.181 13.598 40.050 
Mean 1 9 14 
Standard Deviation 0.169 1.586 3.773 
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Figure 8. Box plot for Y, Zr, and Nb ratios in the Tosawihi chert source standard 
collection. 
 
together, data falling outside of these limits cannot be classified as Tosawihi chert. This 
elemental pattern is consistent and statistically significant throughout the Tosawihi chert 
source standard collection, thus providing a potential geochemical signature for this 
material type.  
 
Characterizing Tosawihi Chert 
 
Tosawihi chert is a unique toolstone in that it has several means of identification 
and “sourcing.” Its color and physical characteristics stand out in the northern Great 
Basin lithic landscape, constituting much of the “chert core” and “white line” 
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(Stephenson and Wilkinson 1969; Thomas 2012). Tosawihi chert also fluoresces green 
under short-wave and purple under long-wave ultraviolet light (Elston 1992a:78; Lyons 
et al. 2003). The physical and ultraviolet fluorescent properties paired with the elemental 
data potentially yield a sourcing protocol with which to confidently and accurately 
identify Tosawihi chert. First, the material type must be a gray to white chert. Secondly, 
it must fluoresce the appropriate colors under ultraviolet light. Thirdly, using XRF 
analysis under the outlined analytical protocol, Tosawihi chert has distinguishing peaks in 
Y, Zr, and Nb with small to absent peaks for Rb and Sr, all of which are apparent in the 
raw photon spectrum. These data then translate into strongly correlated linear 
relationships between Y, Zr, and Nb. Additionally, the ratios for these three elements 
must fall within the designated limits (Table 2). All together, these analyses comprise the 
proposed identification and sourcing methodology with which to identify Tosawihi chert.  
 
 
TESTING THE TOSAWIHI CHERT SOURCING PROTOCOL 
 
 
 The outlined methodology offers a potential geochemical characterization of 
Tosawihi chert using diagnostic signatures derived from ultraviolet fluorescence and 
XRF analyses. This proposed protocol meets the first component of the provenance 
postulate where Tosawihi chert has a consistent elemental composition and ultraviolet 
fluorescence properties within the source standard collection. However, in order to prove 
a reliable sourcing methodology, the proposed sourcing protocol must also be able to 
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discriminate the Tosawihi chert signature from those of other white cherts. The first test 
application is a comparative analysis of the Tosawihi chert signature to those from two 
other Great Basin white chert sources. The second application examines several 
archaeological collections of white chert artifacts, testing for the presence of Tosawihi 
chert.  
 
Test One: Comparative White Chert Collections 
 
 The comparative collections consist of two different sources of Great Basin white 
cherts (Figure 1). Located northeast of Mono Lake, California into Nevada, the Mono 
Lake Spillway source contains white to gray lithic materials. Similarly, the Pahute Mesa 
source (26NY1408), located in southern Nevada, yields white to light tan chert materials. 
Both of these Great Basin sources offer white chert toolstones, which may be mistaken 
for Tosawihi chert based on physical characteristics alone (Figure 9). These collections 
have been analyzed for both ultraviolet and X-ray fluorescence signatures to compare to  
Tosawihi chert. Generally, both comparative collections fluoresce similarly under short 
and long-wave ultraviolet light to Tosawihi chert. Most of the Mono Lake Spillway 
samples (93.75%, n=30) fluoresce a green to greenish purple under short-wave ultraviolet 
light with all samples fluorescing purple under long-wave ultraviolet light. All Pahute 
Mesa samples fluoresce bright green under short-wave ultraviolet light, while over 90% 
(n=30) fluoresce purple under long-wave ultraviolet light. Both the physical 
characteristics and ultraviolet fluorescence signatures are closely similar to those of 
Tosawihi chert. 
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Figure 9. Tosawihi Quarries sample 5 (top), Mono Lake Spillway sample 17 (bottom 
left), and Pahute Mesa sample 33 (bottom right).  
 
The collections were then analyzed using the outlined XRF protocol, yielding a  
total of 33 samples for the Mono Lake Spillway collection and 32 samples for the Pahute 
Mesa collection. The Mono Lake Spillway collection shows high variability in the photon 
peak intensities revealed in the spectra with high concentrations of Sr (Figure 10). The 
spectra for the Pahute Mesa collection is more consistently patterned, and it shows 
relatively high Sr photon intensities (Figure 11). These patterns in the comparative 
collections are reflected in the elemental concentrations (Table 3). Differentiation 
between Tosawihi chert and the comparative collections occurs in the Sr concentrations,  
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Figure 10. Photon spectra for the Mono Lake Spillway collection.  
 
 
 
Figure 11. Photon spectra for the Pahute Mesa collection.  
 
or lack thereof in the Tosawihi data, and in the trends between the Y, Zr, and Nb 
concentrations. The ppm data for Y, Zr and Nb for the comparative collections do not 
follow the same linear relationship as Tosawihi chert (Figure 12). While the Mono Lake  
  
32 
Table 3. Elemental concentrations (in ppm) for the Tosawihi chert source standard and 
the comparative collections.  
 
Collection Tosawihi Mono Lake Spillway Pahute Mesa 
 Mean S.D. Mean S.D. Mean S.D 
K 5888 1884 9472 4150 3678 2043 
Ca 2063 1008 3665 2104 1035 951 
Mn 27 22 41 27 10 15 
Fe 1459 103 1712 237 1762 221 
Zn 1 2 0 1 5 11 
Ga 10 2 12 3 10 1 
Th 8 10 1 3 1 1 
Rb* 1 1 2 8 3 2 
Sr* 0 1 75 309 5 4 
Y* 23 12 12 4 11 1 
Zr* 207 146 248 466 92 28 
Nb* 15 9 12 8 10 11 
Note: The asterisk specifies the elements optimized by “Filter 4.” 
 
Spillway and Pahute Mesa sources show different linear trends than the Tosawihi data, 
greater overlap exists between all three sources in the smaller elemental concentrations.  
The ratio values of Nb/Y, Zr/Y, and Zr/Nb are not successful in differentiating 
between Tosawihi chert and the comparative collections (Figure 13). Though there is  
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Figure 12. XRF data for the Tosawihi source standard and the comparative collections.  
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Figure 13. Box plots for Y, Zr, and Nb ratios in the Tosawihi chert source standard and 
the comparative collections.  
 
some clustering for each source, there is excessive overlap in the lower concentrations, 
preventing source discrimination by these elemental ratios (Figure 14). The Mono Lake 
Spillway and Pahute Mesa collections yielded 12 and 15 false positives, respectively. 
These problematic samples fall within the elemental ratio ranges assigned to the Tosawihi 
chert source standard collection. To address these false positives, I incorporated five 
additional ratios: Rb/Y, Sr/Y, Sr/Zr, Sr/Nb, and Fe/Y (Table 4). Together, all eight ratios 
eliminated the false positives. This updated ratio formula establishes limits for what 
constitutes a geochemical Tosawihi chert object. These limits create elemental criteria 
that are unique to the 144 samples analyzed from the Tosawihi chert source standard 
collection. As such, this formula successfully identifies the two comparative collections  
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Figure 14. Ratio data for the Tosawihi source standard and the comparative collections. 
 
Table 4. Updated ratios for the Tosawihi chert elemental signature.  
 
Ratio Nb/Y Zr/Y Zr/Nb Rb/Y Sr/Y Sr/Zr Sr/Nb Fe/Y 
Minimum 0.087 3.472 7.640 0 0 0 0 20.911 
Maximum 1.181 13.598 40.050 0.210 0.289 0.036 0.487 146.175 
Mean 1 9 14 0 0 0 0 81 
Standard 
Deviation  
0.169 1.586 3.773 0.045 0.038 0.005 0.066 32.939 
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as not matching the Tosawihi chert signature.  
 Additionally, statistical analyses were performed on the raw and transformed 
elemental concentration data of both the Tosawihi chert source standard and the 
comparative collections. A principal component analysis was initially run on the raw 
elemental concentration data of the white chert collections, where over 90% of the 
cumulative variance is explained by six principal components (Table 5). It is important to 
note that Y, Zr, and Nb, showing key elemental patterning in both photon spectrum and 
concentration data, have high scores in principal component one, as do Ga and Th. 
Biplots of the scores for the first and second principal components indicate some 
distinction between Tosawihi chert and the comparative chert collections, yet greater 
overlap occurs between principal component scores two and three (Figure 15). Similar to 
other representations of the elemental concentration data (Figures 12 and 14), Tosawihi 
chert forms its own elemental grouping that is reasonably distinct from the other white 
chert collections. However, an apparent threshold exists where source differentiation 
becomes more convoluted in lower elemental concentrations and principal component 
scores.   
 The Tosawihi chert elemental data show right-skewed frequency distributions 
(Appendices C, F). The Tosawihi and comparative chert data both were transformed to 
base-10 logarithms, which yielded more normal distributions for the 12 trace elements 
analyzed in this study (Appendices C-E). However, this logarithmic transformation 
proved to be ineffective, as many Tosawihi samples contained zero ppm concentration 
for various elements, which yielded a transformed dataset largely consisting of undefined 
values. Alternatively, square root transformations of the Tosawihi source standard  
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Table 5. Results of a principal component analysis of the raw elemental concentration 
data of the Tosawihi chert source standard and the comparative collections.  
 
 PC1 PC2 PC3 PC4 PC5 PC6 
% Variance 32.621 22.273 16.174 8.116 6.757 4.678 
Cumulative % Variance 32.621 54.895 71.068 79.184 85.942 90.619 
       
K (ppm) 0.539 0.334 -0.664 - - - 
Ca (ppm) 0.585 0.414 -0.583 - - - 
Mn (ppm) 0.452 0.217 -0.583 - - - 
Fe (ppm) -0.163 0.535 0.319 - - - 
Zn (ppm) -0.090 0.127 0.305 - - - 
Ga (ppm) 0.731 0.404 0.223 - - - 
Th (ppm) 0.758 -0.462 0.301 - - - 
Rb (ppm) 0.404 0.714 0.477 - - - 
Sr (ppm) 0.373 0.767 0.392 - - - 
Y (ppm) 0.764 -0.528 0.260 - - - 
Zr (ppm) 0.710 -0.292 -0.035 - - - 
Nb (ppm) 0.737 -0.448 0.188 - - - 
Note: Principal component scores only calculated for the first three principal components 
extracted. 
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Figure 15. Biplots of the raw principal component scores. Ellipses represent the 95% 
confidence ellipse of Tosawihi chert group membership.  
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elemental concentration data also generated more normal frequency distributions but 
without undefined values (Appendices F-H).   
Using the square root transformed data, I ran another principal component 
analysis where over 90% of the cumulative variance is explained by seven principal 
components (Table 6). Similar to the raw data, the scores for Y, Zr, and Nb are among 
the highest values in principal component one. The most distinctive groupings in the 
square root transformation biplots occur between principal components one and two 
(Figure 16). Nevertheless, considerable overlap exists between the Tosawihi chert and 
Pahute Mesa chert principal component scores.  
 The proposed Tosawihi chert XRF signature includes an analysis of the raw 
photon spectra and the elemental concentrations and ratio values. Though overlap still 
exists, principal component analyses of both the raw and square root transformed 
elemental concentration data highlight trends between the Tosawihi chert and the 
comparative white chert sources, particularly between principal components one and two. 
As a whole, this test against the comparative Great Basin white chert collections 
demonstrates that Tosawihi chert fulfills the provenance postulate in that it is a 
geochemically unique material and its geochemical signature is distinguishable from 
these two other sources. 
 
Test Two: Archaeological Collections 
 
 The comparative collections present two known assemblages of non-Tosawihi 
materials with which to test the sourcing protocol. Against these comparative data, the  
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Table 6. Results of a principal component analysis of the square root transformed 
elemental concentration data of the Tosawihi chert source standard and the comparative 
collections.  
 
 PC1 PC2 PC3 PC4 PC5 PC6 PC 7 
% Variance 34.085 20.310 16.480 7.675 5.365 4.273 3.698 
Cumulative % Variance 34.085 54.395 70.875 78.550 83.914 88.188 91.886 
        
K (ppm) 0.469 0.494 -0.605 - - - - 
Ca (ppm) 0.499 0.509 -0.565 - - - - 
Mn (ppm) 0.415 0.325 -0.528 - - - - 
Fe (ppm) -0.308 0.508 0.470 - - - - 
Zn (ppm) -0.039 0.177 0.444 - - - - 
Ga (ppm) 0.644 0.469 0.224 - - - - 
Th (ppm) 0.844 -0.339 0.232 - - - - 
Rb (ppm) 0.313 0.498 0.549 - - - - 
Sr (ppm) 0.099 0.835 0.335 - - - - 
Y (ppm) 0.861 -0.392 0.167 - - - - 
Zr (ppm) 0.851 -0.192 0.123 - - - - 
Nb (ppm) 0.807 -0.262 0.190 - - - - 
Note: Principal component scores only calculated for the first three principal components 
extracted. 
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Figure 16. Biplots of the square root transformed principal component scores. Ellipses 
represent the 95% confidence ellipse of Tosawihi chert group membership.  
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Tosawihi elemental ratio formula proved to be a distinct signature (Table 4). This next 
test takes five archaeological collections of unknown and otherwise un-provenanced 
artifacts to run through the Tosawihi chert sourcing protocol. Altogether, the five 
collections yielded a total of 791 artifacts. Each collection was first sorted for white and 
gray chert artifacts, which were then subjected to both the ultraviolet and X-ray 
fluorescence data collection and analytical protocols. Of those fluorescing the appropriate 
colors under ultraviolet light, green under short-wave and purple under long-wave 
ultraviolet light, the elemental ratio data were plotted against the Tosawihi source 
standard collection (Figures 17-21). Additionally, the raw photon spectra for the 
archaeological samples were compared with those from the 144 Tosawihi chert reference 
standards. As an extra verification measure, principal component analyses of both the raw 
and square root transformed data of the archaeological collections were plotted against 
those from the Tosawihi chert source standard collection (Figures 22-26). Within these 
biplots, the positive Tosawihi chert identifications, made by an analysis of the photon 
spectrum and the elemental concentration data, are highlighted against each respective 
collection. The data points that are not highlighted fail to match the Tosawihi XRF 
signature in both photon spectrum and the elemental concentration ratio limits.  The goal 
of this test was to examine the reliability of the Tosawihi chert sourcing protocol when 
analyzing archaeological collections. 
This study includes both private and museum curated collections, representing 
several regions throughout the northern Great Basin (Figure 1). The private collections 
include the Bud Peterson collection, the F.H. Cusick collection, and the Richard Shipley 
collection.  
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Figure 17. The Bud Peterson collection and the Tosawihi source standard XRF data. 
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Figure 18. The F.H. Cusick collection and the Tosawihi source standard XRF data. 
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Figure 19. The Richard Shipley collection and the Tosawihi source standard XRF data.  
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Figure 20. The Rye Patch Reservoir artifact and the Tosawihi source standard XRF data. 
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Figure 21. The Lost Dune collection and the Tosawihi source standard XRF data.  
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Figure 22. Biplot of the raw and transformed principal component scores for the 
Tosawihi source standard and the Bud Peterson collections. Ellipses represent the 95% 
confidence ellipse of Tosawihi chert group membership.  
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Figure 23. Biplot of the raw and transformed principal component scores for the 
Tosawihi source standard and the F.H. Cusick collections. Ellipses represent the 95% 
confidence ellipse of Tosawihi chert group membership. 
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Figure 24. Biplot of the raw and transformed principal component scores for the 
Tosawihi source standard and the Richard Shipley collections. Ellipses represent the 95% 
confidence ellipse of Tosawihi chert group membership. 
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Figure 25. Biplot of the raw and transformed principal component scores for the 
Tosawihi source standard and the Rye Patch Reservoir collections. Ellipses represent the 
95% confidence ellipse of Tosawihi chert group membership. 
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Figure 26. Biplot of the raw and transformed principal component scores for the 
Tosawihi source standard and the Lost Dune collections. Ellipses represent the 95% 
confidence ellipse of Tosawihi chert group membership. 
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The Bud Peterson collection yields a total of 30 white chert artifacts, 22 of which 
fluoresce the appropriate colors under ultraviolet light. Only one sample fits the Tosawihi 
chert signature in both ratio formula and photon spectrum. However, the photon spectra 
show five additional artifacts from the Bud Peterson collection that match the Tosawihi 
raw photon spectrum. 
The F.H. Cusick collection contains 28 white chert artifacts with 22 artifacts 
fluorescing the appropriate colors. Four samples fit the Tosawihi ratio and photon 
spectrum signature. When examining the photon spectra, 11 additional samples closely 
match the Tosawihi reference standard to classify them as Tosawihi chert. These 11 
samples have consistently lower Y relative to the source standard collection, which 
affected the ratio outputs.  
The Richard Shipley collection provides 170 white to gray artifacts, of which 124 
artifacts fluoresced green and purple under short and long-wave ultraviolet light. While 
only four artifacts match both the Tosawihi ratio limits and photon spectrum, an 
additional 94 artifacts were classified as Tosawihi chert based off photon spectra. There 
is considerable variation in Tosawihi identifications via photon spectra throughout this 
collection. Several artifacts show an abnormally high presence of Sr relative to the 
Tosawihi source standard collection but otherwise fit the Tosawihi photon spectrum. Two 
samples have high Sr but also unusually high Nb for Tosawihi chert. Additionally, as 
found in the F.H. Cusick collection, there are some samples with very low Y amounts. 
Though this range in variability is expected given the nature of chert formation processes, 
sufficient patterning exists in the photon spectra for these artifacts to be classified as 
Tosawihi chert.  
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 The two museum curated collections include diagnostic artifacts from Rye Patch 
Reservoir (26PE670) and the Lost Dune site complex. The Rye Patch Reservoir 
assemblage contains a single white chert artifact that fluoresced similar colors as 
Tosawihi chert would under ultraviolet light. While this artifact fell outside of the 
Tosawihi ratio limits, the photon spectrum revealed a pattern similar to that found within 
the Tosawihi source standard collection. This artifact had low Y and high Sr, impacting 
the ratio cutoffs, but it otherwise fit the pattern typically found in Tosawihi chert photon 
spectrum. From the Lost Dune site complex, 13 of 21 white chert artifacts fluoresced the 
appropriate colors. While two artifacts met the Tosawihi ratio limits and photon 
spectrum, nine additional artifacts were classified as Tosawihi chert based off their 
photon spectra.  
 The purpose of testing against the archaeological record was to assess the 
reliability of the Tosawihi chert sourcing protocol against a collection of unknown white 
and gray artifacts. While the ratio limits proved successful in isolating Tosawihi chert 
from the two comparative collections, the raw photon spectrum caught many artifacts that 
the ratios missed. Not only does this test emphasize the importance of re-examining the 
raw photon spectrum (Kaiser and Shugar 2012), but it also suggests that there is high 
variability in the elemental composition of Tosawihi chert that was not captured in the 
source standard collection. This apparent variability within Tosawihi chert elemental 
composition should be the subject of future source characterization efforts.  
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CHAPTER FOUR 
DISCUSSION 
 
 
 Though a distinctive toolstone in its region, the physical and ultraviolet 
fluorescence properties of Tosawihi chert are similar to other Great Basin white chert 
sources. An elemental signature thus becomes necessary to accurately identify Tosawihi 
chert in the archaeological record. The XRF methodology tested here successfully 
characterizes and identifies Tosawihi chert from other white chert sources. The XRF 
signature for Tosawihi chert includes the combined components of elemental 
concentrations, elemental ratio values, and raw photon spectra. With this methodology, 
Tosawihi chert adheres to the provenance postulate where the geochemical variability of 
Tosawihi chert remains unique to itself and distinct from other Great Basin white chert 
sources. These results are significant as they relate to the XRF analysis of this study, 
chert formation processes, and chert sourcing applicability. 
 Both qualitative and quantitative data comprise the XRF signature for Tosawihi 
chert. Not only must an artifact fit the physical characteristics, but it must also fluoresce 
the appropriate colors when exposed to ultraviolet light. Following XRF analysis, both 
the raw photon spectrum and the ppm data must be considered in determining whether an 
artifact is Tosawihi chert or not. The ppm data inform upon trends between elements, 
such as the strong relationships shared between Y, Zr, and Nb found in Tosawihi chert. 
Such trends are elemental patterns that may or may not be unique to the material type. In 
Tosawihi chert, the ratios of those three elements alone proved insufficient in 
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discriminating Tosawihi chert from the comparative collections, thus requiring additional 
ratio values. In this research, Tosawihi chert is quantitatively characterized by a set of 
eight ratio values derived from elemental concentrations (Table 4). These data establish 
quantitative limits on Tosawihi chert, eliminating other non-Tosawihi materials based on 
elemental ratio data.  
 The elemental concentrations and ratio formula successfully identify Tosawihi 
chert, yielding no false positives in the comparative and archaeological collections. The 
ratio formula identified eight percent (n=11) as Tosawihi samples from the 
archaeological collections. Additional Tosawihi samples were qualitatively identified 
using the raw photon spectra. Tosawihi chert has a distinct pattern in its raw photon 
spectra, which is consistent throughout the source standard collection and is discernible 
against other spectral readings (Figures 5-6, 10-11). While the ratio output for these 
artifacts fell outside of the formula limits, the raw photon spectrum closely matched the 
pattern for Tosawihi chert. The principal component analyses of the raw and square root 
transformed data differentiated most of the Tosawihi chert elemental data from those of 
the comparative collections, though yielding some degree of overlap (Figures 15-16). In 
the archaeological collections, the principal component analyses further supported the 
positive and negative Tosawihi chert identifications, where each point within and outside 
of the confidence ellipses was validated by photon spectrum and elemental concentration 
ratio limits. The principal component analyses were not entirely reliable, as a point may 
fall within the 95% confidence ellipse of Tosawihi chert group membership, yet a 
crosscheck with the photon spectrum and elemental ratio values eliminate it from 
Tosawihi chert classification and vice versa. Therefore, Tosawihi chert maintains a 
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composite XRF signature that must include the ppm data, ratio formula, and photon 
spectra, as positive identifications are improved when the raw photon spectra supplement 
the elemental concentration data. 
 Two factors could have impacted the effectiveness of the elemental ratio formula, 
the first being sample bias. The elemental ratio formula was calculated from 144 XRF 
samples analyzed in the Tosawihi source standard collection. These 144 samples were 
selected from 165 total XRF measurements, where 21 samples were removed from the 
analysis. Those samples were removed because they reflected anomalies in sample 
surface condition and/or raw photon spectrum. There were several samples with high Sr 
that were deliberately excluded from the source standard collection because they 
represented elemental outliers compared to the collection majority. Consequently, this 
forced samples with high Sr that otherwise fit the Tosawihi XRF signature to be 
eliminated via the elemental ratio formula. In these cases, the raw photon spectra 
identified the expected Tosawihi photon peak pattern with a relatively greater Sr peak. 
The Tosawihi source standard collection was initially compiled to be internally 
consistent, aiming to minimize variability that might adversely impact the XRF signature. 
Though this initial sample bias affected the elemental ratio formula, the raw photon 
spectra remained capable of identifying Tosawihi chert.  
 The other factor potentially affecting the outcome of the elemental ratio formula 
is the high variability in Tosawihi chert itself. Variability is inherent in chert formation 
processes, causing difficulties in geochemical source analysis (Malyk-Selivanova et al. 
1998:676; Luedtke 1978:414-418, 1992; Shackley 2008:197-198). Such variation is 
evident in the fluctuating peak heights in the raw photon spectra found between Tosawihi 
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chert samples. While this variability affected the elemental ratio outputs, the Tosawihi 
photon spectrum pattern remained observable. The archaeological data revealed two 
apparent trends within the Tosawihi chert identifications. Though otherwise matching a 
typical Tosawihi photon spectrum, one group had high Sr and the other had low Y 
relative to the source standard collection. These variations likely represent the variability 
inherent in chert formation processes, but they could also potentially be sub-sources 
located within the total extent of the Tosawihi Quarries.  
 The XRF methodology used in this research specifically optimizes the 
measurements for Rb, Sr, Y, Zr, and Nb, which are several key elements used in sourcing 
volcanic lithic materials. The Tosawihi Quarries formed in a volcanic terrane, resulting in 
a detectable XRF signature in photon spectrum and elemental concentration for those five 
elements. This suggests that other cherts formed in volcanic contexts could also yield 
identifiable XRF signatures. While some variability exists in the Tosawihi chert XRF 
signature, the success of the methodology lies in using the elemental concentrations, ratio 
formula, and raw photon spectra in concert. 
 The Great Basin lithic sourcing database can now include Tosawihi chert given its 
detectable XRF signature in photon spectrum, elemental concentrations and ratio values. 
Now that Tosawihi chert is identifiable using XRF, archaeological research can more 
confidently incorporate Tosawihi chert into lithic conveyance zone discussions. This 
research illustrates a potential archaeological phenomenon occurring throughout the 
northern Great Basin by identifying Tosawihi chert artifacts at sites located in 
southeastern Oregon, western Nevada, northern to western Utah, and southeastern Idaho 
(Figure 27). Newlander (2015) proposes that chert conveyance zones occur on smaller  
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Figure 27. The presence and distribution of Tosawihi chert in the archaeological 
collections.  
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relevant. Focusing within the eastern obsidian conveyance zone, his case study delineated 
chert conveyance zones with radii of approximately 80 to 160 km. In my research, Rye 
Patch Reservoir (26PE670) falls within a 160 km radius from the Tosawihi Quarries. The 
other sites, however, are located farther outside of this limit, suggesting a much larger 
conveyance zone for Tosawihi chert. The presence of Tosawihi chert in Great Basin 
diagnostic assemblages would reveal a temporally controlled distribution of Tosawihi 
chert that will inform upon toolstone procurement strategies and also chert conveyance 
patterns occurring within and throughout the larger regional obsidian conveyance zones.  
 The Tosawihi Quarries diagnostic artifact and radiocarbon data indicate a Late 
Archaic intensification of occupation and activity occurring within the Tosawihi vicinity 
(Elston and Drews 1992). There is a marked increase in the frequency of Elko and Desert 
Series projectile points within the quarries, which becomes more distinct when compared 
to the greater central and northeastern Nevada region. In this research, the archaeological 
assemblages yield ten diagnostic artifacts identified as Tosawihi chert, where the majority 
is temporally classified as Archaic to Late Prehistoric (Table 7). These data support the 
Late Archaic intensification at the Tosawihi Quarries that also extends outside of the 
quarry boundaries. If Tosawihi chert is a social identity marker for the Tosawihi band of 
Western Shoshone, then this distribution of Tosawihi chert artifacts during the Late 
Archaic into the Late Prehistoric potentially illustrates procurement and mobility 
strategies that may relate to Numic population expansion (Madsen and Rhode 1994). 
With Tosawihi chert now identifiable with XRF, archaeological research may address the 
conveyance, and means thereof, of Tosawihi chert temporally and spatially throughout 
the Great Basin.  
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Table 7. Tosawihi chert diagnostic projectile points in the archaeological collections.  
 
Collection Elko Series Rosegate Series Desert Side-Notched Other 
Bud Peterson 1 1 4 0 
F.H. Cusick 0 0 2 0 
Richard Shipley n/a n/a n/a n/a 
Rye Patch Reservoir 0 0 0 1 
Lost Dune 0 0 1 0 
Note: The Richard Shipley Collection does not contain any diagnostic artifacts.  
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CHAPTER FIVE 
CONCLUSION 
 
 
 The Tosawihi Quarries constitutes the white “chert core” of the Great Basin lithic 
landscape, offering a unique toolstone resource in an obsidian-poor region. Tosawihi 
chert is primarily a white to bluish gray opalite that fluoresces green under short-wave 
and purple under long-wave ultraviolet light, and it also has a geochemical signature best 
characterized in the Rb, Sr, Y, Zr, and Nb concentrations. While these physical and 
ultraviolet fluorescence characteristics have previously been used as a sourcing method 
for Tosawihi chert, these same identifiers apply to other white chert materials found 
throughout the Great Basin. The two comparative collections, Mono Lake Spillway and 
Pahute Mesa, are two such examples of other chert sources resembling Tosawihi chert. 
This research assesses the viability and reliability of XRF to geochemically characterize 
and distinguish Tosawihi chert. With the outlined XRF methodology, the Tosawihi chert 
XRF signature was compared to those from the Mono Lake Spillway and Pahute Mesa 
collections. Using the combination of the elemental concentrations, elemental ratio values 
and the raw photon spectra, the Tosawihi chert signature was distinct from the 
comparative collections. The Tosawihi XRF signature was then applied to several 
archaeological assemblages of white chert from private and museum curated collections. 
Numerous artifacts were positively identified as Tosawihi chert using the elemental ratio 
formula and the raw photon spectra.  
This research is significant for its role in lithic sourcing studies. First, it provides a 
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unique geochemical signature for an otherwise unidentifiable source. Other white cherts 
can be mistaken for Tosawihi chert based off of physical characteristics and ultraviolet 
fluorescence patterns. When confronted with these close similarities, the Tosawihi chert 
XRF signature provides a recognizable elemental pattern. The ability to source Tosawihi 
chert directly contributes to Great Basin lithic conveyance and Numic identity studies by 
adding this significant toolstone resource to the lithic sourcing database. The conveyance 
of Tosawihi chert, also a social identity marker for the Tosawihi band of Western 
Shoshone, can now be traced outside of the quarries. Additionally, this research impacts 
chert sourcing, as it provides a methodology that may also be applicable to other cherts, 
particularly those that have formed in volcanic terranes.  
 The XRF methodology overall is successful, but it also emphasizes the 
importance of using the elemental concentrations, elemental ratio values, and the raw 
photon spectra combined in order to make positive Tosawihi chert identifications. The 
elemental ratio values, which are derived from elemental concentrations, and the 
subsequent principal component analyses failed to detect all of the positive Tosawihi 
identifications. The raw photon spectra for Tosawihi chert, with characteristic peaks for 
Y, Zr, and Nb, yielded a more distinguishable signature than the ratio formula alone. 
Together, these data comprise the Tosawihi chert XRF signature that is not only 
consistent throughout the source standard collection but is also distinct from other white 
cherts. One future research avenue is to test for more discriminating elemental ratio 
values and for other key trace elements in the photon spectrum, elemental concentrations, 
and ratio values. Similarly, additional research should systemically explore the variability 
within the Tosawihi chert signature to determine if it is geologic formation processes 
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and/or sub-sources within the quarries that account for the anomalies such as high Sr and 
low Y. These would better characterize Tosawihi chert as a geochemical source.  
 While this thesis is largely methodological, it holds a substantial archaeological 
application. Though only testing for the presence of Tosawihi chert in the archaeological 
collections, these results show the distribution of Tosawihi chert within and outside of the 
Great Basin. Newlander (2015) suggests that chert conveyance zones operate on smaller, 
localized levels within the regional obsidian conveyance systems. However, the 
prevalence of Tosawihi chert in collections from southeastern Oregon, eastern Idaho, and 
northern and western Utah may suggest a larger conveyance zone for Tosawihi chert. 
Whether this distribution is by mobility or trade is a matter of further research (see Kelly 
2011). Nonetheless, the Tosawihi Quarries provides a significant lithic and mineral 
resource for mining and quarrying purposes, ethnographic and modern day socio-cultural 
and medicinal roles, and archaeological research. While Tosawihi chert is a unique 
toolstone within the Humboldt River Basin, it also contains a characteristic XRF 
signature that remains distinguishable from other Great Basin white cherts. 
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COLLECTIONS CATALOG AND DATABASE 
 
 
S1. The Tosawihi chert source standard collection catalog and database.  
 
Identification Code Fe (ppm) Rb (ppm) Sr (ppm) Y (ppm) Zr (ppm) Nb (ppm) 
TQ 01a 1525 2 0 13 70 5 
TQ 01b 1527 2 0 12 74 6 
TQ 01c 1483 0 0 12 72 6 
TQ 02a 1568 1 0 15 121 10 
TQ 02b 1513 0 0 14 91 6 
TQ 02c 1549 0 0 15 109 6 
TQ 03a 1512 0 0 13 103 6 
TQ 03b 1503 1 0 15 123 9 
TQ 03c 1492 1 0 14 112 7 
TQ 04a 1498 1 0 15 129 9 
TQ 04b-1 1495 1 0 16 123 9 
TQ 05a 1430 2 1 14 114 9 
TQ 05c 1533 2 2 16 122 9 
TQ 06a 1427 1 0 14 105 7 
TQ 06b 1432 0 0 13 114 8 
TQ 06c 1499 1 0 14 118 9 
TQ 07b 1502 0 1 15 115 8 
TQ 07c 1641 1 4 18 149 10 
TQ 08a 1457 2 0 13 82 7 
TQ 08c 1394 2 0 15 92 6 
TQ 09a 1479 1 0 14 128 14 
TQ 09b 1388 1 0 12 93 9 
TQ 09c 1422 2 0 13 120 16 
TQ 10a 1463 0 0 16 124 11 
TQ 10b 1407 0 0 11 46 2 
TQ 10c 1530 0 0 15 128 9 
TQ 11a 1340 1 0 16 152 11 
TQ 11c 2245 1 0 15 115 9 
TQ 12a 1449 1 0 14 127 8 
TQ 12b 1460 0 0 15 117 8 
TQ 12c 1500 0 0 17 123 9 
TQ 13b 1467 1 1 17 125 9 
TQ 13c 1370 1 1 16 150 10 
TQ 14a 1466 1 0 14 123 14 
TQ 14b 1436 1 0 12 116 13 
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TQ 14c 1485 2 0 12 112 14 
TQ 15a 1527 2 1 17 141 12 
TQ 15b 1589 2 2 25 211 16 
TQ 15c 1791 1 0 16 135 8 
TQ 16a 1453 0 0 15 114 10 
TQ 16b 1371 1 0 15 152 9 
TQ 16c 1491 0 0 14 118 10 
TQ 17a 1576 1 0 14 116 7 
TQ 17b 1500 0 0 14 98 7 
TQ 17c 1448 1 1 16 135 7 
TQ 18a 1474 1 0 15 147 10 
TQ 18b 1406 1 0 15 133 8 
TQ 18c 1485 0 0 15 120 8 
TQ 19a 1393 0 0 16 124 8 
TQ 19b 1408 1 1 16 145 9 
TQ 19c 1490 0 0 16 114 8 
TQ 20a 1779 2 0 14 115 8 
TQ 20b 1483 0 0 16 137 9 
TQ 20c 1435 1 0 14 108 7 
TQ 21a 1402 1 1 14 108 8 
TQ 21b 1472 1 1 14 111 10 
TQ 21c 1519 1 0 17 137 11 
TQ 22b 1441 0 0 15 123 9 
TQ 22c 1371 1 2 15 119 10 
TQ 23a 1412 1 0 17 135 8 
TQ 23b 1474 1 1 16 123 8 
TQ 23c 1463 0 1 19 154 11 
TQ 24a 1522 2 0 39 447 30 
TQ 24b 1502 0 0 35 368 28 
TQ 24c 1442 1 0 39 436 30 
TQ 25b 1429 1 0 35 394 27 
TQ 25c 1501 1 0 32 359 23 
TQ 26a 1315 1 0 14 96 6 
TQ 26b 1451 2 0 33 356 26 
TQ 26c 1372 1 0 35 423 27 
TQ 27a 1470 1 1 24 213 15 
TQ 27b 1440 2 1 23 187 14 
TQ 27c 1444 1 0 20 161 13 
TQ 28a 1471 2 0 39 409 25 
TQ 28b 1382 2 0 10 34 1 
TQ 28c 1448 2 0 23 176 12 
TQ 29a 1572 2 0 29 292 21 
TQ 29b 1439 1 0 45 484 38 
TQ 29c 1402 0 0 18 142 10 
TQ 30a 1325 1 0 33 304 23 
TQ 30b 1367 2 1 65 723 48 
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TQ 30c 1476 2 0 44 457 34 
TQ 31a 1480 0 0 19 142 9 
TQ 31b 1431 2 0 28 259 19 
TQ 31c 1468 3 1 32 281 18 
TQ 32a 1457 0 0 27 239 16 
TQ 32b 1433 2 0 25 226 17 
TQ 32c 1493 1 0 27 223 19 
TQ 33a 1353 2 0 23 197 8 
TQ 33b 1506 1 0 32 330 24 
TQ 33c 1597 2 0 38 411 29 
TQ 34a 1496 2 0 28 251 16 
TQ 34b 1484 1 0 30 318 24 
TQ 34c 1449 2 1 45 511 30 
TQ 35a 1396 1 0 38 330 26 
TQ 35b 1452 2 0 31 290 20 
TQ 35c 1776 2 7 24 196 14 
TQ 36a 1510 1 0 32 293 25 
TQ 36b 1413 2 0 40 386 27 
TQ 36c 1420 2 1 39 394 25 
TQ 37a 1404 2 0 41 412 31 
TQ 37b 1354 2 0 29 290 19 
TQ 37c 1494 2 0 56 579 45 
TQ 38a 1442 2 0 55 595 42 
TQ 38b 1356 0 0 14 74 4 
TQ 38c 1301 1 0 34 277 17 
TQ 39a 1349 1 0 21 170 12 
TQ 39b 1315 0 0 14 103 9 
TQ 39c 1473 1 0 16 130 10 
TQ 40a 1372 0 0 32 292 20 
TQ 40b 1365 1 0 24 193 15 
TQ 40c 1390 3 1 58 793 31 
TQ 41a 1525 0 1 28 252 18 
TQ 41b 1394 1 0 29 272 20 
TQ 41c 1468 2 0 33 330 22 
TQ 42a 1392 1 0 10 33 1 
TQ 42b 1472 2 2 48 501 37 
TQ 42c 1421 1 0 18 137 12 
TQ 43 1426 1 0 34 357 25 
TQ 43a 1476 1 0 29 260 18 
TQ 43c 1450 1 0 38 384 28 
TQ 44a 1422 4 1 51 545 28 
TQ 44b 1442 2 0 56 610 39 
TQ 44c 1368 2 0 47 471 31 
TQ 45a 1336 1 0 11 48 2 
TQ 45b 1394 1 0 26 270 15 
TQ 45c 1384 1 0 19 125 8 
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TQ 46a 1463 1 0 26 198 16 
TQ 46b 1371 1 0 33 302 24 
TQ 46c 1405 1 0 28 230 18 
TQ 47a 1365 0 0 11 85 5 
TQ 47b 1337 2 2 14 108 6 
TQ 47bc 1369 1 0 11 114 8 
TQ 48b 1429 2 0 11 99 8 
TQ 48c 1408 1 0 10 83 7 
TQ 51a 1432 2 0 11 90 7 
TQ 51b 1389 3 1 14 144 11 
TQ 51c 1498 1 0 11 81 8 
TQ 52a 1460 2 1 12 94 10 
TQ 52b 1344 3 0 12 98 13 
TQ 52c 1529 2 1 14 117 13 
TQ 53a 1536 1 0 11 81 9 
TQ 53b 1437 1 0 13 91 9 
TQ 53c 1431 2 0 12 91 8 
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S2. The Mono Lake Spillway comparative collection catalog and database. 
 
Identification 
Code 
Emission Under Short 
Wave UV Light 
Emission Under Long 
Wave UV Light 
Fe 
(ppm) 
Rb 
(ppm) 
Sr 
(ppm) 
Y 
(ppm) 
Zr 
(ppm) 
Nb 
(ppm) 
MLS 01 Greenish purple Purple 2321 0 18 10 117 7 
MLS 02 Greenish purple Purple 1875 0 3 11 69 9 
MLS 03 Greenish purple Purple 1631 0 14 10 76 6 
MLS 04 Greenish purple Purple 1446 0 6 9 26 10 
MLS 05 Greenish purple Purple 1503 0 1 10 100 11 
MLS 06 Greenish purple Purple 1465 0 4 9 23 0 
MLS 07 Greenish purple Purple 2356 46 1792 23 79 9 
MLS 08 [gray] Greenish purple Purple 1391 4 21 28 2603 29 
MLS 09* [gray] Greenish purple Purple 1434 1 32 11 198 25 
MLS 09* [white] Greenish purple Purple 1931 2 23 11 164 15 
MLS 10 Greenish purple Purple 1443 1 21 10 31 12 
MLS 11 Greenish purple Purple 1640 1 44 10 134 7 
MLS 12 Greenish purple Purple 1407 0 38 10 112 13 
MLS 13 Greenish purple Purple 1750 0 3 10 45 5 
MLS 14 Greenish purple Purple 1563 2 22 10 124 5 
MLS 15 Greenish purple Purple 1628 1 6 10 99 4 
MLS 16 Greenish purple Purple 1785 2 33 14 215 9 
MLS 17 [white] Greenish purple Purple 2015 2 32 11 263 9 
MLS 18 Greenish purple Purple 1869 0 14 10 55 6 
MLS 19 Greenish purple Purple 1609 2 41 10 135 7 
MLS 20 [gray] Greenish purple Purple 1795 1 17 10 130 7 
MLS 21 Purple Purple 1909 0 20 9 34 5 
MLS 22 Greenish purple Purple 1830 0 11 10 62 12 
MLS 23 [white] Greenish purple Purple 1758 3 25 15 651 32 
MLS 24 Greenish purple Purple 1798 0 43 12 103 7 
MLS 25 Greenish purple Purple 1821 3 12 12 284 14 
MLS 26 Greenish purple Purple 1721 2 12 12 144 5 
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MLS 27 [white] Greenish purple Purple 1686 2 30 11 116 20 
MLS 28 [white] Greenish purple Purple 1365 1 66 11 185 9 
MLS 29 [white] Greenish purple Purple 1727 2 30 14 362 29 
MLS 30 [white] Greenish purple Purple 1516 1 10 16 1033 28 
MLS 31 Greenish purple Purple 1741 3 12 11 267 15 
MLS 32 Green Purple 1781 2 29 11 159 9 
Note: The asterisk indicates artifact was analyzed twice in the XRF analysis. 
 
S3. The Pahute Mesa (26NY1408) comparative collection catalog and database. 
 
Identification 
Code 
Emission Under Short 
Wave UV Light 
Emission Under Long 
Wave UV Light 
Fe 
(ppm) 
Rb 
(ppm) 
Sr  
(ppm) 
Y 
(ppm) 
Zr 
(ppm) 
Nb 
(ppm) 
PM 01 Neon Green Purple 1613 5 10 12 85 36 
PM 02 Neon Green Purple 1782 3 4 11 74 3 
PM 03 Neon Green Purple 1818 1 3 11 85 5 
PM 04 Neon Green Purple 1800 1 2 10 55 5 
PM 05 Neon Green Purple 1516 4 4 11 91 5 
PM 06 Neon Green Purple 1639 3 3 12 99 23 
PM 07 Neon Green Purple 1928 3 5 10 93 22 
PM 08 Neon Green Purple 2028 2 6 11 84 7 
PM 09 Neon Green Purple 1723 1 6 13 70 5 
PM 10 [brown 
agate] Neon Green Purple 1598 4 2 10 60 5 
PM 11 Neon Green Purple 1434 5 5 11 74 8 
PM 12 Neon Green Green and Purple 1765 4 5 11 71 2 
PM 13 [agate] Neon Green Purple 2164 1 2 10 83 1 
PM 13 [white] Neon Green Purple 1512 0 6 11 89 0 
PM 15 Neon Green Purple 2062 4 23 11 118 15 
PM 16 Neon Green Purple 1455 1 4 11 95 2 
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PM 17 Neon Green Purple 1861 1 7 11 102 4 
PM 18 Neon Green Purple 1627 6 9 11 109 8 
PM 19 Neon Green Purple 1583 1 3 11 74 7 
PM 20 Neon Green Purple 1571 4 2 11 80 8 
PM 21 Neon Green Purple 2319 2 5 11 100 0 
PM 22 [agate] Neon Green Green and Purple 1721 5 3 10 79 2 
PM 23 Neon Green Purple 1717 3 2 10 48 1 
PM 24 Neon Green Purple 1559 2 7 12 176 1 
PM 25 Neon Green Purple 1956 2 7 10 82 1 
PM 26 [agate] Neon Green Purple 1982 6 5 11 91 4 
PM 27 Neon Green Purple 1554 5 5 11 114 38 
PM 28 [brown] Neon Green Purple 1919 3 7 10 115 18 
PM 29 Neon Green Purple 1667 5 4 11 92 9 
PM 30 Neon Green Purple 2134 3 9 11 175 42 
PM 31 Neon Green Purple n/a n/a n/a n/a n/a n/a 
PM 32 Neon Green Purple 1690 3 4 11 78 1 
PM 33 Neon Green 
Green, Purple, and 
Orange 1681 2 1 12 114 22 
 
S4. The archaeological collections catalog and database.  
Collection Identification Code 
Emission Under 
Short Wave UV 
Light 
Emission Under 
Long Wave UV 
Light 
Fe 
(ppm) 
Rb 
(ppm) 
Sr 
(ppm) 
Y 
(ppm) 
Zr 
(ppm) 
Nb 
(ppm) 
 Peterson 82.01.1492 Green Purple 1643 1 3 9 24 1 
Peterson 82.01.1528 Green Purple 2110 0 0 9 19 0 
Peterson 82.01.1785 Green Purple 1923 2 0 13 20 7 
Peterson 82.01.1804 Green Purple 1698 0 5 10 21 0 
Peterson 82.01.1817 Green Purple 1422 0 7 9 20 0 
Peterson 82.01.194 Green Green 2141 2 6 12 110 1 
Peterson 82.01.195 Neon Green Green 1802 0 2 9 22 0 
Peterson 82.01.198* Green Purple 1619 1 2 11 136 9 
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Peterson 82.01.201* Green Purple 2392 0 1 10 19 0 
Peterson 82.01.206 Orange Purple 1936 2 12 21 75 14 
Peterson 82.01.226 Neon Green Orange and Purple 2032 4 45 10 27 1 
Peterson 82.01.311 Green Purple 1689 0 16 9 22 0 
Peterson 82.01.38 Neon Green Purple 1413 2 4 11 54 1 
Peterson 82.01.40 Neon Green Green 1440 3 2 9 22 1 
Peterson 82.01.468 Green White 1470 0 0 10 26 0 
Peterson 82.01.50 Orange Green 1612 0 0 9 20 0 
Peterson 82.01.51 Neon Green Orangish Purple 1724 8 24 9 23 4 
Peterson 82.01.54 Green Purple 1761 4 14 9 25 2 
Peterson 82.01.576 Neon Green Purple 1576 0 2 10 20 0 
Peterson 82.01.578 Green Purple 1691 1 1 14 225 21 
Peterson 82.01.579 Green Purple 1482 0 0 9 21 0 
Peterson 82.01.581 Green Purple 1676 1 0 15 275 16 
Peterson 82.01.589 Green Purple 1765 0 3 9 21 0 
Peterson 82.01.610 Orange Orange and Purple 1777 2 19 11 34 0 
Peterson 82.01.656 Green and Yellow Orange 1618 1 10 10 29 0 
Peterson 82.01.657 Green Purple 1409 0 3 12 204 19 
Peterson 82.01.659 Green Purple 1547 1 1 14 142 14 
Peterson 82.01.729 Neon Green Purple 1556 3 3 17 177 20 
Peterson 82.01.731 Green Purple 1690 0 7 10 22 0 
Peterson 82.01.991 Neon Green Purple 1656 1 2 9 20 0 
          Cusick BB-1-68 Neon Green Purple 1668 3 0 17 187 13 
Cusick BB-57 Green Green and Purple 1946 0 0 10 20 0 
Cusick BB-59a Green Purple 13944 8 2 9 60 6 
Cusick BB-1-74 Green Purple 1924 1 0 12 162 22 
Cusick BB-1-76 Green Green and Purple 1608 2 0 11 223 28 
Cusick BB-3N-79 Green Purple 1788 3 2 21 212 23 
Cusick BB-3N-80 Green Purple 1694 0 0 21 222 19 
Cusick DF-11 None None 1849 3 21 13 30 1 
Cusick DF-12 Green Green 1708 0 0 9 20 0 
Cusick EGr-5 Green Purple 1461 1 0 14 167 8 
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Cusick EGr-40 Green Purple 1909 6 2 13 291 16 
Cusick EGr-41 Green Purple 1337 1 11 12 236 18 
Cusick EGr-42 Green Purple 1736 4 0 11 188 21 
Cusick EGr-43 Green Purple 1487 3 1 19 330 21 
Cusick PB-1 Green Purple 1364 1 0 10 20 0 
Cusick PB-28 Orange Orange and Purple 1973 0 0 11 27 0 
Cusick PB-45 Green Green and Purple 1364 0 2 11 107 0 
Cusick PB-61 Green and Purple Purple 1462 0 0 12 181 2 
Cusick NJD-5 Green Purple 2871 2 0 11 176 24 
Cusick NJD-34 Orangish Purple Purple 1979 0 1 10 28 2 
Cusick SKF-1 Neon Green Purple 1427 4 1 14 188 16 
Cusick SKF-2 Green Purple 1611 1 1 12 167 16 
Cusick SKF-8Wx-28 Orangish Purple Purple 33217 142 111 42 188 16 
Cusick SKF-8Wx-38 Green Purple 1548 2 0 10 142 14 
Cusick SKF-8Wx-58 Orangish Purple Purple 37223 153 72 38 161 13 
Cusick SKF-I-70 Green Green and Purple 1526 0 0 11 145 19 
Cusick SKF-I-76 Green Purple 1848 4 3 13 43 1 
Cusick SKF-I-88 Green Green and Purple 1567 0 0 10 23 0 
         Shipley RSC 001 Purple Purple 1523 0 10 13 105 9 
Shipley RSC 002 Orange Purple and Orange 1531 0 10 12 137 18 
Shipley RSC 003 Purple Purple 1711 2 11 13 96 14 
Shipley RSC 004 Neon Green Purple 1610 0 38 12 89 35 
Shipley RSC 005 Cream Orange Purple and Orange 1354 0 17 9 22 1 
Shipley RSC 006 Tan Purple and Orange 1479 0 2 9 20 0 
Shipley RSC 007 Neon Green Purple 1497 1 1 11 133 14 
Shipley RSC 008 Neon Green Purple and Orange 1635 0 25 12 97 26 
Shipley RSC 009 Orangish Purple Purple 1934 178 101 39 191 25 
Shipley RSC 010 Green Purple 1823 1 1 21 604 22 
Shipley RSC 011 Orangish Purple Purple 2041 167 11 34 189 20 
Shipley RSC 012 Green Purple 1508 2 2 12 324 24 
Shipley RSC 013 Green Purple 1445 0 4 12 95 22 
Shipley RSC 014 Orangish Purple Orangish Purple 4082 4 34 13 158 53 
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Shipley RSC 015 Orangish Purple Purple and Orange 1757 1 4 9 22 0 
Shipley RSC 016 Green Purple 1585 2 15 11 171 7 
Shipley RSC 017 Green Purple 1620 0 1 10 60 4 
Shipley RSC 018 Orangish Purple Purple 1443 0 17 9 30 1 
Shipley RSC 019 Orangish Purple Purple 1776 2 23 21 138 23 
Shipley RSC 020 Green Purple 1410 1 3 11 105 10 
Shipley RSC 021 Tan Orange 1579 0 1 9 20 0 
Shipley RSC 022 Green Purple 1414 1 6 10 90 8 
Shipley RSC 023 Purple Purple 1466 1 6 13 304 23 
Shipley RSC 024 Purple Purple 1576 1 19 14 101 9 
Shipley RSC 025 Neon Green Purple 1409 1 31 12 126 35 
Shipley RSC 026 Neon Green Orangish Purple 1544 1 10 10 20 0 
Shipley RSC 027 Purple Purple 1536 1 18 15 137 11 
Shipley RSC 028 Orangish Purple Purple and Orange 1546 10 127 9 35 1 
Shipley RSC 029 Neon Green Purple 1445 0 4 51 32 3 
Shipley RSC 030 Orangish Purple Purple 1931 2 159 16 131 16 
Shipley RSC 031 Neon Green Purple 1725 9 17 13 97 24 
Shipley RSC 032 Orangish Purple Purple 1699 1 62 9 22 0 
Shipley RSC 033 Green Purple 1685 0 20 11 158 14 
Shipley RSC 034 Green Orangish Purple 1674 3 21 12 23 1 
Shipley RSC 035 Green Purple 1648 1 12 11 77 7 
Shipley RSC 036 Green Purple 1873 2 1 11 107 10 
Shipley RSC 037 Tan Orangish Purple 1601 0 13 9 22 0 
Shipley RSC 038 Neon Green Purple 1562 2 9 11 121 14 
Shipley RSC 039 Neon Green Purple 1483 0 6 11 176 17 
Shipley RSC 040 Neon Green Purple 1483 6 9 17 126 22 
Shipley RSC 041 Neon Green Purple 1493 1 9 12 183 18 
Shipley RSC 042 Green Orangish Purple 1567 0 11 10 22 0 
Shipley RSC 043 Neon Green Purple 1670 0 2 12 374 12 
Shipley RSC 044 
Orange, Green, and 
Purple Purple 1509 0 8 12 176 22 
Shipley RSC 045 Green Purple 1531 3 3 11 216 21 
Shipley RSC 046 Green Purple 1519 2 7 11 129 12 
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Shipley RSC 047 Green Purple 1487 1 3 11 223 18 
Shipley RSC 048 Green Purple 1518 3 23 18 204 27 
Shipley RSC 049 Neon Green Purple 1491 1 16 12 192 14 
Shipley RSC 050 Neon Green Purple 1371 0 11 10 66 28 
Shipley RSC 051 Green and Yellow Orangish Purple 1580 0 7 9 24 0 
Shipley RSC 052 Green Purple 1396 2 69 12 304 28 
Shipley RSC 053 Green Purple 1434 1 8 12 153 7 
Shipley RSC 054 Purple Purple 1460 3 27 23 122 10 
Shipley RSC 055 Green Purple 1382 0 29 12 161 3 
Shipley RSC 056 Neon Green Purple 1460 1 3 11 105 15 
Shipley RSC 057 Neon Green Purple 1489 0 25 14 270 26 
Shipley RSC 058 Green Purple 1433 1 3 13 178 13 
Shipley RSC 059 Neon Green Purple 1653 1 20 11 97 10 
Shipley RSC 060 Neon Green Purple 1537 4 10 13 108 19 
Shipley RSC 061 Purple Purple 1535 6 25 34 396 63 
Shipley RSC 062 Neon Green Purple 1432 3 3 10 22 1 
Shipley RSC 063 Green Purple 1492 1 2 9 21 0 
Shipley RSC 064 Purple Purple 2429 4 45 12 154 12 
Shipley RSC 065 Neon Green Purple 1569 2 19 11 99 7 
Shipley RSC 066 Green Purple 1835 2 1 12 275 26 
Shipley RSC 067 Green Purple 1520 2 23 12 259 21 
Shipley RSC 068 Purple Purple 1386 0 95 21 197 9 
Shipley RSC 069 Neon Green Purple 1898 1 1 11 27 1 
Shipley RSC 070 Neon Green Purple 1758 0 33 24 23 2 
Shipley RSC 071 Neon Green Purple 1674 2 5 10 77 6 
Shipley RSC 072 Green Purple 1480 3 19 13 294 26 
Shipley RSC 073 Green Purple 1384 2 2 12 118 12 
Shipley RSC 074 Green Purple 1526 0 12 11 130 51 
Shipley RSC 075 Purple Purple 2044 8 180 24 110 8 
Shipley RSC 076 Neon Green Purple 1400 2 14 11 136 14 
Shipley RSC 077 Green and Purple Purple 1457 1 8 11 216 19 
Shipley RSC 078 Orangish Purple Purple 1347 0 40 14 350 25 
Shipley RSC 079 Orange, Green, and Purple 1474 1 26 34 353 25 
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Purple 
Shipley RSC 080 Green Purple 1474 1 10 11 242 22 
Shipley RSC 081 Green and Purple Purple 1599 1 24 17 213 21 
Shipley RSC 082 Orangish Purple Orangish Purple 1628 0 21 9 20 0 
Shipley RSC 083 Neon Green 
Orange, Green, and 
Purple 1587 2 27 11 29 1 
Shipley RSC 084 Neon Green Purple 1639 0 3 10 128 13 
Shipley RSC 085 Purple Purple 1547 0 11 13 103 8 
Shipley RSC 086 Purple Purple 1721 0 7 11 125 13 
Shipley RSC 087 Green and Purple Purple 1541 1 155 14 145 22 
Shipley RSC 088 Green Purple 1535 0 18 13 144 16 
Shipley RSC 089 Purple Purple 1761 0 33 19 174 13 
Shipley RSC 090 Purple Purple 1487 3 20 16 314 23 
Shipley RSC 091 Green Purple 1634 3 154 24 155 18 
Shipley RSC 092 
Orange, Green, and 
Purple Orangish Purple 1726 1 110 10 23 0 
Shipley RSC 093 Neon Green Orangish Purple 1565 0 5 9 20 0 
Shipley RSC 094 Neon Green Purple 1548 0 6 9 20 0 
Shipley RSC 095 Green Purple 1620 2 0 11 118 12 
Shipley RSC 096 Neon Green Purple 1596 1 35 11 134 34 
Shipley RSC 097 Orangish Purple Purple 1973 0 64 11 22 1 
Shipley RSC 098 Green Purple 1551 1 63 24 169 19 
Shipley RSC 099 Green Purple 1510 2 6 11 180 4 
Shipley RSC 100 Green Purple 1751 3 5 12 393 35 
Shipley RSC 101 Green Purple 1681 2 8 14 130 12 
Shipley RSC 102 Tan Orangish Purple 1508 0 0 10 20 0 
Shipley RSC 103 Purple Purple 1530 1 46 34 311 21 
Shipley RSC 104 Green Purple 1530 1 5 10 160 16 
Shipley RSC 105 Neon Green Purple 1435 2 13 11 115 11 
Shipley RSC 106 Purple Purple 1411 1 29 14 99 9 
Shipley RSC 107 Green Purple 1403 1 37 29 234 27 
Shipley RSC 108 Neon Green Purple 1638 4 49 19 212 16 
Shipley RSC 109 Neon Green Purple 1534 2 7 11 90 10 
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Shipley RSC 110 Green Purple 1640 1 23 12 174 14 
Shipley RSC 111 Tan Orangish Purple 1443 0 28 9 22 0 
Shipley RSC 112 Tan Orangish Purple 1650 0 10 10 22 0 
Shipley RSC 113 Green Purple 1844 0 0 13 330 23 
Shipley RSC 114 Orangish Purple Orangish Purple 1460 0 15 10 21 0 
Shipley RSC 115 Green Purple 1520 1 8 12 132 6 
Shipley RSC 116 Green Purple 1492 1 37 14 142 22 
Shipley RSC 117 Green Purple 1897 3 5 18 378 27 
Shipley RSC 118 Green Purple 1475 2 23 15 389 28 
Shipley RSC 119 Green Purple 1587 1 61 11 219 24 
Shipley RSC 120 Neon Green Purple 1558 1 1 13 148 14 
Shipley RSC 121 Tan Orangish Purple 1542 0 15 10 21 1 
Shipley RSC 122 Green Purple 1641 2 5 11 210 23 
Shipley RSC 123 Green Purple 2009 2 12 16 334 75 
Shipley RSC 124 Purple Purple 1721 0 8 30 426 42 
Shipley RSC 125 Neon Green Purple 1507 1 8 12 253 25 
Shipley RSC 126 Neon Green Green and Purple 1454 0 38 11 25 1 
Shipley RSC 127 Neon Green Purple 1546 5 12 17 113 16 
Shipley RSC 128 Green Purple 1562 2 19 38 336 53 
Shipley RSC 129 Green Purple 1482 2 72 25 163 21 
Shipley RSC 130 Green Purple 1542 1 6 11 118 7 
Shipley RSC 131 Green Purple 1833 1 1 12 253 18 
Shipley RSC 132 Green Purple 1680 2 32 12 163 13 
Shipley RSC 133 Neon Green Purple 1798 0 13 13 80 8 
Shipley RSC 134 Purple Purple 1529 3 8 12 180 16 
Shipley RSC 135 Neon Green Orangish Purple 1521 1 4 10 20 0 
Shipley RSC 136 Neon Green Orangish Purple 1657 1 8 9 21 1 
Shipley RSC 137 Green Purple 1455 1 11 11 103 6 
Shipley RSC 138 Green Orangish Purple 1559 0 12 9 22 0 
Shipley RSC 139 Green Orangish Purple 1716 0 48 10 22 0 
Shipley RSC 140 Neon Green Purple 1475 0 9 10 113 15 
Shipley RSC 141 Neon Green Orangish Purple 1521 0 8 10 20 1 
Shipley RSC 142 Neon Green Purple 1602 1 8 11 117 24 
  
9
5
 
Shipley RSC 143 Yellowish Orange Orange 1495 1 44 10 24 1 
Shipley RSC 144 Neon Green Purple 1430 1 8 11 178 16 
Shipley RSC 145 Orangish Purple Orangish Purple 1775 0 30 10 22 0 
Shipley RSC 146 Neon Green Orangish Purple 1680 1 75 9 22 1 
Shipley RSC 147 Green Purple 1786 2 54 14 124 28 
Shipley RSC 148 Green Purple 1491 1 12 11 104 8 
Shipley RSC 149 Neon Green Purple 1630 4 6 13 139 55 
Shipley RSC 150 Neon Green Purple 1516 2 8 11 215 22 
Shipley RSC 151 Neon Green Purple 1488 1 130 11 34 1 
Shipley RSC 152 Green Purple 1554 1 5 11 95 8 
Shipley RSC 153 Neon Green Purple 1628 2 40 17 177 28 
Shipley RSC 154 Green Purple 1524 1 23 11 122 7 
Shipley RSC 155 Green Purple 1314 3 3 12 212 24 
Shipley RSC 156 Neon Green Purple 1699 1 28 11 118 44 
Shipley RSC 157 Neon Green Purple 1575 3 5 12 217 20 
Shipley RSC 158 Neon Green Purple 1794 2 22 11 179 17 
Shipley RSC 159 Neon Green Purple 1495 0 7 10 62 26 
Shipley RSC 160 Green Purple 1445 1 21 14 256 7 
Shipley RSC 161 Neon Green Purple 1311 5 346 10 31 2 
Shipley RSC 162 Purple Purple 1553 1 129 16 150 14 
Shipley RSC 163 Purple Purple 1422 1 38 15 111 9 
Shipley RSC 164 Tan Orangish Purple 1674 1 5 10 21 0 
Shipley RSC 165 Neon Green Purple 1441 2 8 10 78 7 
Shipley RSC 166 Green Purple 1499 1 13 10 52 6 
Shipley RSC 167 Purple Purple 1489 1 36 13 154 20 
Shipley RSC 168 Green Purple 1413 2 18 11 196 25 
Shipley RSC 169 Green Orangish Purple 1416 1 14 9 22 0 
Shipley RSC 170 Purple Purple 1519 1 9 12 120 12 
          Rye Patch Reservoir PE670 
280-1 Green Purple 1435 1 7 11 154 15 
          Lost Dune LD-1 05-015 Green Purple 1554 3 0 42 619 25 
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Lost Dune LD-1 05-016 
[midsection] Green Purple 1608 2 0 10 98 6 
Lost Dune LD-1 18-004 Green and Purple Purple 1622 2 2 12 238 11 
Lost Dune LD-2 15-341 Green Purple 1232 0 1 11 188 23 
Lost Dune LD-2 16-186 Purple Purple 11158 156 72 12 371 19 
Lost Dune LD-3 13-004 Purple Purple 2225 0 4 10 29 0 
Lost Dune LD-3 13-009 Orange and Purple Orange and Purple 1570 3 2 13 248 15 
Lost Dune LD-3 13-011 Green Purple 1593 0 8 12 83 10 
Lost Dune LD-3 13-013 Green Purple 1629 1 0 11 106 7 
Lost Dune LD-3 13-016 Green Purple 1471 4 0 35 552 57 
Lost Dune LD-13 15-006 
Orange, Green, and 
Purple Purple 1420 1 1 13 93 7 
Lost Dune LD-13 16-056 Green and Purple Purple 1531 1 4 9 21 0 
Lost Dune LD-13 16-080 Green Purple 1855 4 0 12 99 10 
Lost Dune LD-13 16-085 Orange Orange and Purple 2254 0 15 9 23 0 
Lost Dune LD-13 16-094 Green and Yellow Orange 1993 0 0 9 20 0 
Lost Dune LD-16 07-594 Neon Green Orange and Purple 2191 3 0 17 132 33 
Lost Dune LD-3 13-311 Neon Green Purple 1777 2 0 16 22 1 
Lost Dune LD-3 13-312 Green and Yellow Orange and Purple 1540 1 0 11 139 65 
Lost Dune LD-5 14-382 Purple Purple 1594 0 0 10 23 0 
Lost Dune LD-5 G-29-30 Purple Purple 1581 0 0 11 23 0 
Lost Dune LD-5 G-29-31 Purple Purple 1922 0 0 9 21 0 
Note: Only white chert artifacts included here. The asterisk indicates artifact was analyzed twice in the XRF analysis. 
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S4 (continued). The archaeological collections catalog and database.  
 
Collection Identification Code 
Fits Tosawihi Elemental 
Ratio Formula? 
Fits Tosawihi Photon 
Spectrum? 
Tosawihi 
Identification 
 Peterson 82.01.1492 No No Negative 
Peterson 82.01.1528 No No Negative 
Peterson 82.01.1785 No No Negative 
Peterson 82.01.1804 No No Negative 
Peterson 82.01.1817 No No Negative 
Peterson 82.01.194 No No Negative 
Peterson 82.01.195 No No Negative 
Peterson 82.01.198* No Yes Positive 
Peterson 82.01.201* No No Negative 
Peterson 82.01.206 No No Negative 
Peterson 82.01.226 No No Negative 
Peterson 82.01.311 No No Negative 
Peterson 82.01.38 No No Negative 
Peterson 82.01.40 No No Negative 
Peterson 82.01.468 No No Negative 
Peterson 82.01.50 No No Negative 
Peterson 82.01.51 No No Negative 
Peterson 82.01.54 No No Negative 
Peterson 82.01.576 No No Negative 
Peterson 82.01.578 No Yes Positive 
Peterson 82.01.579 No No Negative 
Peterson 82.01.581 No Yes Positive 
Peterson 82.01.589 No No Negative 
Peterson 82.01.610 No No Negative 
Peterson 82.01.656 No No Negative 
Peterson 82.01.657 No Yes Positive 
Peterson 82.01.659 Yes Yes Positive 
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Peterson 82.01.729 No Yes Positive 
Peterson 82.01.731 No No Negative 
Peterson 82.01.991 No No Negative 
 
   
 Cusick BB-1-68 Yes Yes Positive 
Cusick BB-57 No No Negative 
Cusick BB-59a No No Negative 
Cusick BB-1-74 No Yes Positive 
Cusick BB-1-76 No Yes Positive 
Cusick BB-3N-79 Yes Yes Positive 
Cusick BB-3N-80 Yes Yes Positive 
Cusick DF-11 No No Negative 
Cusick DF-12 No No Negative 
Cusick EGr-5 Yes Yes Positive 
Cusick EGr-40 No Yes Positive 
Cusick EGr-41 No Yes Positive 
Cusick EGr-42 No Yes Positive 
Cusick EGr-43 No Yes Positive 
Cusick PB-1 No No Negative 
Cusick PB-28 No No Negative 
Cusick PB-45 No No Negative 
Cusick PB-61 No No Negative 
Cusick NJD-5 No Yes Positive 
Cusick NJD-34 No No Negative 
Cusick SKF-1 No Yes Positive 
Cusick SKF-2 No Yes Positive 
Cusick SKF-8Wx-28 No No Negative 
Cusick SKF-8Wx-38 No Yes Positive 
Cusick SKF-8Wx-58 No No Negative 
Cusick SKF-I-70 No Yes Positive 
Cusick SKF-I-76 No No Negative 
Cusick SKF-I-88 No No Negative 
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Shipley RSC 001 No No Negative 
Shipley RSC 002 No No Negative 
Shipley RSC 003 No No Negative 
Shipley RSC 004 No No Negative 
Shipley RSC 005 No No Negative 
Shipley RSC 006 No No Negative 
Shipley RSC 007 No Yes Positive 
Shipley RSC 008 No Yes Positive 
Shipley RSC 009 No No Negative 
Shipley RSC 010 No Yes Positive 
Shipley RSC 011 No No Negative 
Shipley RSC 012 No Yes Positive 
Shipley RSC 013 No Yes Positive 
Shipley RSC 014 No No Negative 
Shipley RSC 015 No No Negative 
Shipley RSC 016 No Yes Positive 
Shipley RSC 017 No Yes Positive 
Shipley RSC 018 No No Negative 
Shipley RSC 019 No No Negative 
Shipley RSC 020 Yes Yes Positive 
Shipley RSC 021 No No Negative 
Shipley RSC 022 No Yes Positive 
Shipley RSC 023 No No Negative 
Shipley RSC 024 No No Negative 
Shipley RSC 025 No Yes Positive 
Shipley RSC 026 No No Negative 
Shipley RSC 027 No No Negative 
Shipley RSC 028 No No Negative 
Shipley RSC 029 No No Negative 
Shipley RSC 030 No No Negative 
Shipley RSC 031 No No Negative 
Shipley RSC 032 No No Negative 
Shipley RSC 033 No Yes Positive 
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Shipley RSC 034 No No Negative 
Shipley RSC 035 No Yes Positive 
Shipley RSC 036 No Yes Positive 
Shipley RSC 037 No No Negative 
Shipley RSC 038 No Yes Positive 
Shipley RSC 039 No Yes Positive 
Shipley RSC 040 No Yes Positive 
Shipley RSC 041 No Yes Positive 
Shipley RSC 042 No No Negative 
Shipley RSC 043 No Yes Positive 
Shipley RSC 044 No Yes Positive 
Shipley RSC 045 No Yes Positive 
Shipley RSC 046 No Yes Positive 
Shipley RSC 047 No Yes Positive 
Shipley RSC 048 No Yes Positive 
Shipley RSC 049 No Yes Positive 
Shipley RSC 050 No Yes Positive 
Shipley RSC 051 No No Negative 
Shipley RSC 052 No Yes Positive 
Shipley RSC 053 No Yes Positive 
Shipley RSC 054 No No Negative 
Shipley RSC 055 No Yes Positive 
Shipley RSC 056 No Yes Positive 
Shipley RSC 057 No Yes Positive 
Shipley RSC 058 No Yes Positive 
Shipley RSC 059 No Yes Positive 
Shipley RSC 060 No Yes Positive 
Shipley RSC 061 No No Negative 
Shipley RSC 062 No No Negative 
Shipley RSC 063 No No Negative 
Shipley RSC 064 No No Negative 
Shipley RSC 065 No Yes Positive 
Shipley RSC 066 No Yes Positive 
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Shipley RSC 067 No Yes Positive 
Shipley RSC 068 No No Negative 
Shipley RSC 069 No No Negative 
Shipley RSC 070 No No Negative 
Shipley RSC 071 No Yes Positive 
Shipley RSC 072 No Yes Positive 
Shipley RSC 073 Yes Yes Positive 
Shipley RSC 074 No Yes Positive 
Shipley RSC 075 No No Negative 
Shipley RSC 076 No Yes Positive 
Shipley RSC 077 No Yes Positive 
Shipley RSC 078 No No Negative 
Shipley RSC 079 No Yes Positive 
Shipley RSC 080 No Yes Positive 
Shipley RSC 081 No Yes Positive 
Shipley RSC 082 No No Negative 
Shipley RSC 083 No No Negative 
Shipley RSC 084 No Yes Positive 
Shipley RSC 085 No No Negative 
Shipley RSC 086 No No Negative 
Shipley RSC 087 No Yes Positive 
Shipley RSC 088 No Yes Positive 
Shipley RSC 089 No No Negative 
Shipley RSC 090 No No Negative 
Shipley RSC 091 No Yes Positive 
Shipley RSC 092 No No Negative 
Shipley RSC 093 No No Negative 
Shipley RSC 094 No No Negative 
Shipley RSC 095 Yes Yes Positive 
Shipley RSC 096 No Yes Positive 
Shipley RSC 097 No No Negative 
Shipley RSC 098 No Yes Positive 
Shipley RSC 099 No Yes Positive 
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Shipley RSC 100 No Yes Positive 
Shipley RSC 101 No Yes Positive 
Shipley RSC 102 No No Negative 
Shipley RSC 103 No No Negative 
Shipley RSC 104 No Yes Positive 
Shipley RSC 105 No Yes Positive 
Shipley RSC 106 No No Negative 
Shipley RSC 107 No Yes Positive 
Shipley RSC 108 No Yes Positive 
Shipley RSC 109 No Yes Positive 
Shipley RSC 110 No Yes Positive 
Shipley RSC 111 No No Negative 
Shipley RSC 112 No No Negative 
Shipley RSC 113 No Yes Positive 
Shipley RSC 114 No No Negative 
Shipley RSC 115 No Yes Positive 
Shipley RSC 116 No Yes Positive 
Shipley RSC 117 No Yes Positive 
Shipley RSC 118 No Yes Positive 
Shipley RSC 119 No Yes Positive 
Shipley RSC 120 Yes Yes Positive 
Shipley RSC 121 No No Negative 
Shipley RSC 122 No Yes Positive 
Shipley RSC 123 No Yes Positive 
Shipley RSC 124 No No Negative 
Shipley RSC 125 No Yes Positive 
Shipley RSC 126 No No Negative 
Shipley RSC 127 No Yes Positive 
Shipley RSC 128 No Yes Positive 
Shipley RSC 129 No Yes Positive 
Shipley RSC 130 No Yes Positive 
Shipley RSC 131 No Yes Positive 
Shipley RSC 132 No Yes Positive 
  
1
03
 
Shipley RSC 133 No Yes Positive 
Shipley RSC 134 No Yes Positive 
Shipley RSC 135 No No Negative 
Shipley RSC 136 No No Negative 
Shipley RSC 137 No Yes Positive 
Shipley RSC 138 No No Negative 
Shipley RSC 139 No No Negative 
Shipley RSC 140 No Yes Positive 
Shipley RSC 141 No No Negative 
Shipley RSC 142 No Yes Positive 
Shipley RSC 143 No No Negative 
Shipley RSC 144 No Yes Positive 
Shipley RSC 145 No No Negative 
Shipley RSC 146 No No Negative 
Shipley RSC 147 No Yes Positive 
Shipley RSC 148 No Yes Positive 
Shipley RSC 149 No Yes Positive 
Shipley RSC 150 No Yes Positive 
Shipley RSC 151 No No Negative 
Shipley RSC 152 No Yes Positive 
Shipley RSC 153 No Yes Positive 
Shipley RSC 154 No Yes Positive 
Shipley RSC 155 No Yes Positive 
Shipley RSC 156 No Yes Positive 
Shipley RSC 157 No Yes Positive 
Shipley RSC 158 No Yes Positive 
Shipley RSC 159 No Yes Positive 
Shipley RSC 160 No Yes Positive 
Shipley RSC 161 No No Negative 
Shipley RSC 162 No No Negative 
Shipley RSC 163 No No Negative 
Shipley RSC 164 No No Negative 
Shipley RSC 165 No Yes Positive 
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Shipley RSC 166 No No Negative 
Shipley RSC 167 No No Negative 
Shipley RSC 168 No Yes Positive 
Shipley RSC 169 No No Negative 
Shipley RSC 170 No No Negative 
 
   
 Rye Patch Reservoir PE670 
280-1 
No Yes Positive 
 
   
 Lost Dune LD-1 05-015 No Yes Positive 
Lost Dune LD-1 05-016 
[midsection] 
No Yes Positive 
Lost Dune LD-1 18-004 No Yes Positive 
Lost Dune LD-2 15-341 No Yes Positive 
Lost Dune LD-2 16-186 No No Negative 
Lost Dune LD-3 13-004 No No Negative 
Lost Dune LD-3 13-009 No No Negative 
Lost Dune LD-3 13-011 No Yes Positive 
Lost Dune LD-3 13-013 Yes Yes Positive 
Lost Dune LD-3 13-016 No Yes Positive 
Lost Dune LD-13 15-006 Yes Yes Positive 
Lost Dune LD-13 16-056 No No Negative 
Lost Dune LD-13 16-080 No Yes Positive 
Lost Dune LD-13 16-085 No No Negative 
Lost Dune LD-13 16-094 No No Negative 
Lost Dune LD-16 07-594 No Yes Positive 
Lost Dune LD-3 13-311 No No Negative 
Lost Dune LD-3 13-312 No Yes Positive 
Lost Dune LD-5 14-382 No No Negative 
Lost Dune LD-5 G-29-30 No No Negative 
Lost Dune LD-5 G-29-31 No No Negative 
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LINEAR REGRESSION MODELS FOR THE TOSAWIHI CHERT CALIBRATION 
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ELEMENTAL FREQUENCY DISTRIBUTIONS (RAW DATA VERSUS BASE-10 
LOGARIMTHIC TRANSFORMATION DATA) OF THE TOSAWIHI CHERT 
SOURCE STANDARD COLLECTION 
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ELEMENTAL FREQUENCY DISTRIBUTIONS (RAW DATA VERSUS BASE-10 
LOGARIMTHIC TRANSFORMATION DATA) OF THE MONO LAKE SPILLWAY 
COLLECTION 
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ELEMENTAL FREQUENCY DISTRIBUTIONS (RAW DATA VERSUS BASE-10 
LOGARIMTHIC TRANSFORMATION DATA) OF THE PAHUTE MESA 
COLLECTION 
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ELEMENTAL FREQUENCY DISTRIBUTIONS (RAW DATA VERSUS SQUARE 
ROOT TRANSFORMATION DATA) OF THE TOSAWIHI CHERT SOURCE 
STANDARD COLLECTION 
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ELEMENTAL FREQUENCY DISTRIBUTIONS (RAW DATA VERSUS SQUARE 
ROOT TRANSFORMATION DATA) OF THE MONO LAKE SPILLWAY 
COLLECTION 
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ELEMENTAL FREQUENCY DISTRIBUTIONS (RAW DATA VERSUS SQUARE 
ROOT TRANSFORMATION DATA) OF THE PAHUTE MESA COLLECTION 
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